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PREFACE 


This instructor’s manual contains solutions to the problems in Chapters 1-10 of Steel 
Design, 4" edition. Solutions to all problems are given, with the following exceptions: 
In Chapter 8 some of the ASD solutions are not given. In Chapters 9 and 10, only 
solutions to the problems whose answers appear in the Answers to Selected Problems 
section of the textbook are given. 


In general, intermediate results to be used in subsequent calculations were recorded to 
four significant figures, and final results were rounded to three significant figures. 
Rounding was done according to the following practice: when the first digit to be 
dropped is less than 5, do not round up; when the first digit to be dropped is equal or 
greater than 5, add 1 to the last digit retained. 


Students following these guidelines should be able to reproduce the numerical results 
given. However, the precision of the results could depend on the grouping of 
computations and on whether intermediate values are retained in the calculator between 
steps. 


In many cases, there will be more than one acceptable solution to a design problem; 
therefore, the solutions given for design problems should be used only as a guide in 
grading homework. 


I would appreciate learning of any errors you may discover. You can contact me at 
wsegui@memphis.edu. A list of errors and corrections will be maintained at 


http://www.ce.memphis.edu/segui/ errata. html. 


In some instances, there are inconsistencies between dimensions and properties given in 
the Manual and values given in the database on the Companion CD. When I encountered 
a discrepancy, I used the value given in the Manual. 


William T. Segui 
November 4, 2006 
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CHAPTER 1 - INTRODUCTION 


1.5-J 
(a)  <A=2(0.550)? /4 = 0.2376 in” 
p= fu = 78009 _ 120,000 psi = 120 ksi 
A 0.2376 
F, = 120 ksi 
Ge ee in sisa% 
2.030 
e= 133% 
(c) 
A, = 7(0.430)? /4 = 0.1452 in? 
A,-A : 
Ghingd tp ee eg wzag on, 
A, 0.2376 
Reduction = 38.9% 
1.5-2 
A= (05)? /4 = 0.1963 in.’ 
ot? ace 
A 01963 
3 
ga Bk 2 SAN 329310" 
L 2 
pd. o OET 2590500 
€ 23310 
E = 29,500 ksi 
1,5-3 


A= 7(0.510)? /4 = 0.2043 in’? 
P 250 


Ror P2950 th; fee 9998 pal 
ne f= 7 * o0043 P 
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Spreadsheet results: 


(a) Load Stress Strain x 10° 

(Ib) (psi) (in.f/in.) 
0) 0 0 

250 1224 37.1 
500 2447 70.3 
1000 4895 129.1 
1500 7342 230.1 
2000 9790 259.4 
2500 12237 372.4 
3000 14684 457.7 
3500 17132 586.5 

(b) 


Stress (psi) 


0 100 200 300 400 500 600 
Strain x 106 (in.fin.) 


(c) E = slope = 30,100 ksi 


1.5-4 


A= a(05)* /4 = 0.1963 in” 


palL a tl4 PL 139914101963) = 28,400 ksi 
¢ AL/L AL A 
E = 28,400 ksi 


nittetormerrerermern runuenente 
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A= 71(3/8)* /4 = 01104 in.’ 
P 550 


For 2550 fe — = ~ 4982 psi 
A 01104 
~6 
3700 ON ors ni0" 
L 2 
Spreadsheet results: 
(a) 

Load Elongation x 10° Stress Strain x 10° 
(Ib) __(in.) _(psi) (in./in.) 
0 0) 0 0 
550 350 4982 175 
4700 700 9964 350 
1700 900 15399 450 
2200 4350 19928 675 
2800 1760 25362 880 
3300 2200 29891 4100 
3900 2460 35326 1230 
4400 2860 39855 1430 
4900 3800 44384 1900 
4970 5300 45018 2650 
5025 7800 45516 3900 


Stress (psi) 


0 1000 2000 3000 4000 
Strain x 106 (in./in.) 
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(c) E =slope 


(d) 


1.5-6 


15,000 


Spreadsheet results: 


(a) 
Load 


(kips) 


OOANADNABWN = OC 


= ——————> = 30,000,000 psi 
500 x 10 
Elongation x 10° Stress 
(in.) (ksi) 
0 0 

0.16 4.973 
0.352 9.945 
0,706 14.92 
1.012 19.89 
1.434 24.86 
1.712 29.84 
4.986 34.84 
2.286 39.78 
2.6412 44.75 
2,938 49.73 
3,274 54.70 
3.632 59.67 
3.976 64.64 
4,386 69.62 
4.64 74.59 
4,988 79,56 
5.432 84.54 
5.862 89.514 
6.362 94.48 
7.304 99.45 
8.072 104.4 
9.044 109.4 
41.31 114.4 
14.12 119.3 
20.044 124.3 
29.106 129.3 
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Strain x 10° 
(in./in.) 
0) 
0,080 
0.176 
0.353 
0.506 
0.717 
0.856 
0.993 
1.143 
1.306 
1.469 
1.637 
1.816 
1.988 
2.193 
2.320 
2.494 
2.716 
2.931 
3.181 
3.652 
4.036 
4,522 
5.655 
7.060 
10.02 
14.55 


E = 30,000,000 psi 


F, » 44,000 psi 


(b) 
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CHAPTER 2 - CONCEPTS IN STRUCTURAL STEEL DESIGN 


2-4 
D=9kips, L, = 5 kips, S = 6 kips, R = 7 kips, W = 8 kips 
(a) 
\: 1.4D = 1.4(9) = 12.6 kips 
2 1.2D + 1.6L + 0.5R = 1.2(9) + 1.6(0) + 0.5(7) = 14.3 kips 
3: 12D +1.6R + 0.8W = 1.2(9) + 1.6(7) + 0.8(8) = 28.4 kips 
4: 12D + 1.6W + 0.5L +0.5R = 1.2(9) + 1.6(8) + 0.5(0) + 0.5(7) = 27.1 kips 
6: 0.9D + 1.6W = 0.9(9) + 1.6(8) = 20.9 kips 
or 0.9(9) — 1.6(8) = -4.7 kips 
R, = 28.4 kips (combination 3) 
(but the column must be checked for an uplift of 4.7 kips.) 
(b) OR, = 28.4 kips 
(c) p, = on 2 84 31 6 kips R, = 31.6 kips 
¢@ 0.90 ——————__—- 
(d) 
oF D+R=9+7= 16kips 
a D+W=9+8=17kips 
6: D+0.75W+0.75L+0.75R =9 +0.75(8) + 0.75(0) + 0.75(7) = 20.25 kips 
Fi 0.6D + W = 0.6(9) + 8 = 13.4 kips 
or 0.6(9) — 8 = -2.6 kips 
R, =20.3 kips (combination 6) 
(but the column must be checked for an uplift of 2.6 kips) 
(e) R, =QR, =1.67(20.3) = 33.9 kips R, = 33.9 kips 
2-2 
I: 1.4D = 1.4(9) = 12.6 kips 
2: 1.2D+ 1.6L + 0.58 = 1.2(9) + 1.6(0) + 0.5(6) = 13.8 kips 
3; 1.2D + 1.68 + 0.8W = 1.2(9) + 1.6(6) + 0.8(8) = 26.8 kips 
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4: 1.2D+1.3W+ 0.5L +0.55 = 1.2(9)+ 1.3(8) + 0.5(0) + 0,5(6) = 24.2 kips 


(a) 26.8 kips (combination 3) 

(b) QR, = 268 kips 

(c) R, = oR, = as = 315 kips R,, = 31.5 kips 
@ 085 es aie aa 

2-3 

(a) Combination 1: 1.4D = 1.4(45) = 63 ft-kips 

Combination 2: 12D + 1.6L + 0,5£, = 1,245) + 1.6(63) + 0.5(0) = 154.8 ft-kips 


y = 155 ft - kips (combination 2) 


(b) Ry =e = SE =IT2A-kips R,, = 172 ft-kips 
(c) Combination 2; D+ L=45+ 63 = 108 ft-kips 2, = 108 ft-kips (combination 2) 
(d) R, = QR, =1.67(108) = 180 ft-kip R, = 180 ft-kips 
2-4 

D= 18 kips, Z = 2 kips 

(a) 


1: 1.4D = 1.4(18) = 25.2 kips 
2: 1.2D + 1.6L = 1.2(18) + 1.6(2) = 24.8 kips 
R, = 25.2 kips (combination 1) 


2: D+L=18+2=20kips, R, = 20 kips (combination 2) 


Ee er ee et Pe 
2-5 


D=21 psf, L,= 12 psf, S= 13.5 psf, W = 22 psf upward (in this particular case, the wind 
load cannot be reversed, even in those cases where reversal would normally be 
considered.) 


Treat gravity loads as positive and wind load as negative: 
(a) 
4 14D = 14(21) = 294 psf 
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2: 12D+16L +0,5S = 1.2(21) + 1.6(0) + 0.50135) = 32.0 psf 
ck 1.2D4+16S + 052 = 1.2(21) +1.6(135) + 0.5(0) = 46.8 psf 
4; 1.2D4+1.6W +0.5L+0.5S = 1.2(21)+1.6(-22) + 0.5(0) + 0.53.5) 
= —3,25 psf (uplift) 
5 1L2D+E +051 4028 = 1.2(21) £0 + 0.5(0) + 0.2(13.5) = 27.9 psf 
6: 0.9D+(1.6W) =0.9D+1.6W = 0.9(21) +1.6(-22) = ~-16.3 psf (uplift) 
R, = 46.8 psf (combination 3) 


(Combination 6, with R, = -16.3 psf, would also need to be considered in the design of 
the roof in order to prevent uplift.) 


(b) 

3: D+S=21 + 13:5 =34.5 psf 

5 D+W =21+ (22) =-1 psf 

6: D+0.75W + 0.75L + 0.75S = 21 + 0.75(-22) + 0 +0.75(13.5) = 14.6 psf 
oi: 0.6D+ W =0.6(21) + (-22) = -9.4 psf 


R, = 34.5 psf (combination 1) 


(Combination 7, with R, = -9.4 psf, would also need to be considered in the design of the 
roof in order to prevent uplift.) 
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CHAPTER 3 - TENSION MEMBERS 


For yielding of the gross section, 

Ag = 7(3/8) = 2.625 in.*, 9 Pn = FyAg = 36(2.625) = 94.5 kips 
For fracture of the net section, 

Ae = (3/8)[7- (1+ 1) ] = 2.203 in.? 

P, = FyAe = 58(2.203) = 127. 8 kips 
a) The design strength based on yielding is 

bP, = 0.90(94.5) = 85. 05 kips 
The design strength based on fracture is 

b:Pn = 0.75(127.8) = 95. 85 kips 
The design strength for LRFD is the smaller value: o:Pn = 85.1 kips 
b) The allowable strength based on yielding is 


Py _ 94.5 _ : 
0, -~1é7 56. 59 kips 


The allowable strength based on fracture is 


Py 4OER os ; 
0, 5-00 63. 9 kips 


The allowable service load is the smaller value: P,/Q,; = 56.6 kips 
Alternate solution using allowable stress: For yielding, 
F, = 0.6Fy = 0.6(36) = 21. 6 ksi 
and the allowable load is F:Ag = 21.6(2.625) = 56. 7 kips 
For fracture, 
F, = 0.5F, = 0.5(58) = 29.0 ksi 
and the allowable load is F;A, = 29.0(2.203) = 63. 89 = 63. 89 kips 


The allowable service load is the smaller value = 56.7 kips 
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3.2-2 


For yielding of the gross section, 
Ag = 6(3/8) = 2, 25 in.? 
P, = FyAg = 50(2.25) = 112. 5 kips 
For fracture of the net section, 
A, = Ag = 2.25 in.” 
Py = FyAe = 65(2.25) = 146. 3 kips 
a) The design strength based on yielding is 
¢:P, = 0.90(112.5) = 101 kips 
The design strength based on fracture is 
$:Pn = 0.75(146.3) = 110 kips 


The design strength for LRFD is the smaller value: 


b) The allowable strength based on yielding is 


Pie 12S) 
0, * Lé 67.4 kips 


The allowable strength based on fracture is 


Pn . 146.3 _ : 
0, * 5.06 73.2 kips 


The allowable service load is the smaller value: 


Alternate solution using allowable stress: For yielding, 


F, = 0.6Fy = 0.6(50) = 30.0 ksi 
and the allowable load is 

FiAg = 30,0(2.25) = 67.5 kips 
For fracture, 

F; = 0.5F, = 0.5(65) = 32. 5 ksi 
and the allowable load is 


FA, = 32.5(2.25) = 73. 1 kips 


he allowable service load is the smaller value = 67.5 kips 
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$:Pn = 101 kips 


P/Q, = 67.4 kips 


32:3 
For yielding of the gross section, 

P, = FyAg = 50(3.37) = 168. 5 kips 
For fracture of the net section, 


An = Ag Anotes = 3.37 ~ 0.220(2 + +) x 2. holes = 2.930 in.? 


A, = 0.85An = 0.85(2.930) = 2.491 in? 
Py = F.Ae = 65(2.491) = 161. 9 kips 
a) The design strength based on yielding is 
b.Pn = 0.90(168.5) = 152 kips 
The design strength based on fracture is 
bPy = 0.75(161.9) = 121. 4 kips 
The design strength is the smaller value: $,P, = 121.4 kips 


Let Py = bP n 
1.2D + 1.6(3D) = 121.4, Solution is: {D = 20. 23} 
P= D+ZL = 20.23 + 3(20.23) = 80. 9 kips P = 80.9 kips 


b) The allowable strength based on yielding is 


Pa — 168.5 = 
a, 1G 100. 9 kips 


The allowable strength based on fracture is 


eg ees Co ee : 
Q, * 2.00 80. 95 kips 


The allowable load is the smaller value = 80.95 kips P = 81.0 kips 
Alternate computation of allowable load using allowable stress: For yielding, 
F, = 0.6Fy = 0.6(50) = 30.0 ksi 
and the allowable load is 
F,Ag = 30.0(3.37) = 101. 1 kips 
For fracture, 
F, = 0.5F,y = 0.5(65) = 32.5 ksi 
and the allowable load is 


FiAe = 32.5(2.491) = 80, 96 kips 


Fv Te ei innennnnnnelbennemnmnsiennenenenemmmmnmnenetenmmnmmemtabeaniannaiatantea’ 


3.2-4 


For A242 steel and ¢ = 4 in., Fy = 50 ksi and F, = 70 ksi. For yielding of the gross section, 


Ag = 8(1/2) = 4 in? 
P, = Fy4g = 50(4) = 200 kips 


For fracture of the net section, 


An = Ag-Aboles = 4- (2)(1 26 4) x 2 holes = 2.875 in.2 


Ag = An = 2.875 in.? 
Py, = FyAe = 70(2.875) = 201. 3 kips 
a) The design strength based on yielding is 
O:Pn = 0.90(200) = 180 kips 
The design strength based on fracture is 
$:P, = 0.75(201.3) = 151 kips 
The design strength for LRFD is the smaller value: 
b) The allowable strength based on yielding is 


Pn . 200. . 
O, 7 167 120 kips 


The allowable strength based on fracture is 


Pace QO 3+ = : 
0, = 2.00 101 kips 


The allowable service load is the smaller value: 


Alternate solution using allowable stress: For yielding, 


F, = 0.6Fy = 0.6(50) = 30 ksi 
and the allowable load is 

FAg = 30(4) = 120 kips 
For fracture, 

FP, = 0.57, = 0.5(70) = 35 ksi 
and the allowable load is 


FA, = 35(2,875) = 101 kips 


The allowable service load is the smaller value = 101 kips 


@:P, = 151 kips 


P/Q, = 101 kips 


LAA HAL sth pn AAMAS eng SAA AAS se EEE AI RY Pe ccc 
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3.2-5 


For a thickness of t = 3/8 in., Fy = 50 ksi and F, = 70 ksi. First, compute the nominal 
strengths. For the gross section, 


Ag = 7.5(3/8) = 2. 813 in? 

Py = FyAg = 50(2.813) = 140. 7 kips 
Net section: 

= 2.813-(2)U44 4) = 1.876 in? 

Ae = An = 1.876 in? 

P, = FuAe = 70(1.876) = 131.3 kips 
a) The design strength based on yielding is 

$:P, = 0.90(140.7) = 127 kips 
The design strength based on fracture is 

oP, = 0.75(131.3) = 98.5 kips 
The design strength is the smaller value: $,P, = 98.5 kips 
Factored load: 

Combination !:  1.4D = 1.4(25) = 35.0 kips 

Combination 2: 1.2D+1.6L = 1.2(25) + 1.6(45) = 102 kips 
The second combination controls; P, = 102 kips. 
Since P, > @:Pn, (102 kips > 98.5 kips), The member is unsatisfactory. 
b) For the gross section, The allowable strength is 


Pn — 140.7 _ : 
0, 67 84.3 kips 


Alternately, the allowable stress is 
F, = 0.6Fy = 0.6(50) = 30 ksi 
and the allowable strength is F,Az = 30(2.813) = 84.4 kips 


For the net section, the allowable strength is 


Mos es: LS oe : 
0, ~ “3.00 65.7 kips 


Alternately, the allowable stress is 
F, = 0.5F, = 0.5(70) = 35 ksi and the allowable strength is 
FA, = 35(1.876) = 65,7 kips 


The smaller value controls; the allowable strength is 65.7 kips. When the only loads are 
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dead load and live load, ASD load combination 2 will always control: 
P,= D+L = 25+45 = 70 kips 
Since 70 kips > 65.7 kips, The member is unsatisfactory. 


3.2-6 


Compute the strength for one angle, then double it. For the gross section, 
P, = FyAg = 36(1.19) = 42. 84 kips 
For two angles, P, = 2(42.84) = 85. 68 kips 
Net section: 
A, =1.19-(4)(2+4) = 0.9713 in 
A, = 0.85A,, = 0.85(0.9713) = 0.8256 in.* 
P, = FyAe = 58(0.8256) = 47. 88 kips 
For two angles, P, = 2(47.88) = 95. 76 kips 
a) The design strength based on yielding is 
$:Pn = 0.90(85.68) = 77.1 kips 
The design strength based on fracture is 
$:Pn = 0.75(95.76) = 71.8 kips 
The design strength is the smaller value: ¢,P;, = 71.8 kips 
Py = 1.2D+ 1.6L = 1.2(12) + 1.6(36) = 72.0 kips>71.8kips (N.G.) 
The member is unsatisfactory. 
b) For the gross section, The allowable strength is 


Pn. 85.68 _ 5) 3 kips 


Q, 1.67 
Alternately, the allowable stress is 

F, = 0.6F, = 0.6(36) = 21. 6 ksi 
and the allowable strength is F,A,z = 21,6(2 x 1.19) = 51.4 kips 
For the net section, the allowable strength is 


mh 2 OSG re. 
0, = 3.00 47.9 kips 


Alternately, the allowable stress is 


F, = 0.5Fy = 0.5(58) = 29 ksi 
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and the allowable strength is FA, = 29(2 x 0.8256) = 47.9 kips 


The net setion strength controls; the allowable strength is 47.9 kips. When the only loads are 
dead load and live load, ASD load combination 2 will always control: 


P, = D+L=12+36 = 48kips>47.9kips  (N.G.) 


The member is unsatisfactory. 


3.3-1 
(2) U=1-4 =1-+422 = 0.7060 

Ap = AgU = 5.86(0.7060) = 4. 14 in? Ae = 4.14 in? 
(b) Plate with longitudinal welds only: 


i 2. =1.25, U=0.75in2 


Ww 

A, = AgU= (2 x 4)(0.75) = 1.125 in? A, = 1.13 in? 
(c) UV=1.0 

Ae = AgU = (2 x5) (1.0) = 3, 13 in? Ae = 3.13 in? 
(d) U=1.0 


Ag = 0.5(5.5) = 2. 750 in? 


An = Ag ~ Anos = 2.750-4(4+4) = 2.313 in? 


aA 
Ae = AnU = 2.313(1.0) = 2.313 in? Ae = 2.31 in? 
(ec) U=1.0 
Ag = 3 x6 = 3.750 in? 
ae ee . oe Py Gwe erie Coll ee oe: 
An = Ag—Atotes = 3.750~ 2(2+4) = 3.125 in, 
Ay = AnU = 3.125(1.0) = 3. 125 in? A, = 3.13 in2 


3.3-2 
ay ue Pere ix, eee cy ae) 
(a) An = Ag —Anotes = 3.31 Z(4 : 1) 2. 873 in. 
Se ee tae eee Oe oe 
u=1-% =1-4)5 = 0.6167 


Ae = AnU = 2.873(0.6167) = 1,772 in.? 
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P, = FyAe = 70(1.772) = 124 kips P, = 124 kips 
(b) From AISC Table D3.1, Case 8, U = 0.60 
A, = A,U = 2,.873(0.60) = 1. 724 in.? 


Py = Fyde = 70(1.724) = 121 kips P, = 121 kips 
3.3-3 

Us 1-2 = 1-272 = 0.9031 

Ae = AgU = 2.48(0.9031) = 2. 240 in 

P, = Fyde = 58(2.240) = 129. 9 kips P, = 130 kips 
3.3-4 


For A242 steel, #, = 50 ksi and F, = 70 ksi 
For yielding of the gross section, 

P, = FyAg = 50(4.75) = 237.5 kips 
For fracture of the net section, 


An = Ay Abate = 4.75 ~ i(3 o: +) = 4,313 in? 
From AISC Table D3.1, Case 8, U = 0.80 
A, = A,U = 4,313(0. 80) = 3. 45 in.* 
Py = F.Ae = 70(3.45) = 241.5 kips 
a) The design strength based on yielding is 
$:P, = 0.90(237.5) = 213. 8 kips 
The design strength based on fracture is 
oP, = 0.75(241.5) = 181. 1 kips 
The design strength is the smaller value: ¢,P, = 181.1 kips 


Let Py _ P:Pr 
1.2D+ 1.6(2D) = 181.1, Solution is: {D = 41, 16} 
P= D+L = 41.16+2(41.16) = 124 kips P = 124 kips 


b) The allowable strength based on yielding is 


Pe ee Ct ee ; 
a, 67 142, 2 kips 
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The allowable strength based on fracture is 


Pa J4L3 . 
Q, ~ 3-00 120. 8 kips 


The allowable load is the smaller value = 120.8 kips P = 121 kips 


Alternate computation of allowable load using allowable stress: For yielding, 
F, = 0.6F, = 0.6(50) = 30.0 ksi 

and the allowable load is 
F Ag = 30.0(4.75) = 142. 5 kips 

For fracture, 
F, = 0.5F, = 0.5(70) = 35 ksi 

and the allowable load is 


F,Ae = 35(3.45) = 120. 8 kips 


3.3.5 
Gross section: Py, = FyA,g = 36(5.86) = 211.0 kips 
ae ‘as sat os A. ss - 2 
Net section: A, = 5.86-( 7 \+ 2) @) = 4.454 in, 
ee Co ne SNF es, SS 
] i i (34343) 8856 


A, = A,U = 4.454(0. 8856) = 3. 944 in? 
Py = FyAe = 58(3.944) = 228. 8 kips 
(a) The design strength based on yielding is 
oP, = 0.90(211.0) = 190 kips 
The design strength based on fracture is 
OP, = 0.75(228.8) = 172 kips 
The design strength is the smaller value: @,P, = 172 kips 
Load combination 2 controls: 
Py = 1.2D+ 1.62 = 1.2(50) + 1.6(100) = 220 kips 
Since Py > @;Py, (220 kips > 172 kips), The member is not adequate. 


(b) For the gross section, The allowable strength is Oo te 126 kips 
t . 


For the net section, the allowable strength is oO. ON = 114 kips 
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The smaller value controls; the allowable strength is 114 kips. 
Load combination 6 controls: 
Pg =D+0.75W+4+0.75L = 50 + 0.75(45) + 0.75(100) = 159 kips 
Since 159 kips > 114 kips, The member is not adequate. 
Alternate ASD solution using allowable stress: 
F, = 0.6F, = 0.6(36) = 21.6 ksi 
and the allowable strength is FiA, = 21.6(5.86) = 127 kips 
For the net section, ; = 0.5F', = 0.5(58) = 29.0 ksi 
and the allowable strength is FA. = 29.0(3. 944) = 114 kips 
The smaller value controls; the allowable strength is]14 kips. From load combination 6, 
Py = D+0.75W+0.75L = 50 + 0.75(45) + 0.75(100) = 159 kips 


Since 159 kips > 114 kips, the member is not adequate, 


3.3-6 
For yielding of the gross section, 
Ag = 5(1/4) = 1.25 in? 
P, = FyA, = 36(1.25) = 45.0 kips 
For fracture of the net section, from AISC Table D3.1, case 4, 
Liw = 7/5 = 1.4, . U= 0.75 
Ae = AgU = 1,25(0.75) = 0.9375 in.? 
P, = FyAe = 58(0.9375) = 54. 38 kips 
a) The design strength based on yielding is 
¢,P, = 0.90(45.0) = 40.5 kips 
The design strength based on fracture is 
$:P, = 0.75(54.38) = 40.8 kips 
The design strength for LRFD is the smaller value: ¢:P, = 40.5 kips 
b) The allowable strength based on yielding is 


3 ge : 
0, ~ 1.67 27.0 kips 


The aliowable strength based on fracture is 
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Pn. 54.38 _ 

0, 7-00 27.2 kips 
The allowable service load is the smaller value: Pp lQ, = 27.0 kips 
3.3-7 


Gross section:  P, = FyAg = 50(10.3) = 515.0 kips 


Net section: A, = 10.3-0. s20( 4 + +a) = 8, 220 in.? 


Connection is through the flanges with four bolts per line. 


BF G50 i, es i cm 
7 103 0.525 <4  U= 0.85 


Ae = A,U = 8.220(0.85) = 6. 987 in? 
Py = Fide = 65(6.987) = 454. 2 kips 
(a) The design strength based on yielding is 
bP, = 0.90(515.0) = 464 kips 
The design strength based on fracture is 
oP, = 0.75(454.2) = 341 kips 


The design strength is the smaller value: o,P, = 341 kips 
(b) For the gross section, The allowable strength is £. = 23.0 = 308 kips 
i . 
For the net section, the allowable strength is $e = 4342. = 227 kips 
t . 
The smaller value controls; ne = 227 kips 
t 
3.3-8 


Gross section: P, = FyAg = 50(5.17) = 258. 5 kips 
Net section: 


U=1-4 =1-4%8 =0.87 


Ag = AgU = 5.17(0.87) = 4. 498 in.” 
Py = FyAe = 70(4.498) = 314. 9 kips 

(a) The design strength based on yielding is 
bP = 0.90(258.5) = 233 kips 
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The design strength based on fracture is 

b:P, = 0.75(314.9) = 236 kips 
The design strength is the smaller value: ¢,P, = 233 kips 
Load combination 3: 

Py, =1.2D+1.65+0.8W = 1.2(75) + 1.6(50) + 0.8(70) = 226 kips 
Load combination 4: 

Py =1.2D+1.6W+0.5S = 1.2(75) + 1.6(70) + 0.5(50) = 227 kips 
Load combination 4 controls. Since Py < ¢:Pn, (227 kips < 233 kips), 

The member ts adequate. 


(b) For the gross section, The allowable strength is a = 28.2. = 155 kips 
f . 


For the net section, the allowable strength is a = ae = 157 kips 

The smaller value controls; the allowable strength is 155 kips. 

Load combination 3: Pg = D+ S = 75 +50 = 125 kips 

Load combination 6: Pg = D+0.75W+0.75S = 75 + 0.75(70) + 0.75(50) = 165 kips 


Load combination 6 controls. Since 165 kips > 155 kips, The member is not adequate. 


3.4-1 


Gross section: Ag = 10(1/2) = 5 in.? 


Net section: Hole diameter = q + = ] in. 


tL 
8 
Possibilities for net area: 


An = Ag ~ Sit x (dor d’) = 5—(1/2)(1)(2) = 4.0 in? 


ot Ay = 5~(12)(1)- (1)| 1~ PE | - cay 1 - De | = 3,833 in? 


or A, = 5~(1/2)(1)(3) = 3.5 in.*, but because of load transfer, 
use A, = 2(3.5) = 5, 25 in.* for this possibility. 
The smallest value controls. Use A, = 3.833 in.* 
Ay ® AyU 2 A,O.0) > 3: 8330? 
P, = FyAe = 58(3.833) = 222 kips 


The nominal strength based on the net section is P, = 222 kips 
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3.4-2 

Compute the strength of one plate, then double it. 
Gross section: Ag = 10(1/2) = 5.0 in? 

Net section: Hole diameter = + ia 
Possibilities for net area: 


An = Ag — Sit x (d or a’) = 5 ~ (1/2)(7/8)(2) = 4. 125 in? 


or A, = 5—(1/2)(7/8) - (129) 4 eS Ce = 4.646 in. 


4(6) 
Because of load transfer, use A, = a, 646) = 5. 162 in.* for this possibility. 
om fe 7 - Qe |_ [4-2 |- 1462 
or Ay = 5—(1/2)(7/8) (1/2)|  - OF. |-an) | = 4.021 in, 
Because of load transfer, use A, = D4, 021) = 5. 026 in.* for this possibility. 


The smallest value controls. Use An = 4.125 in.? 
A, = AqU = 4.125(1.0) = 4. 125 in? 
Py, = FyAe = 58(4.125) = 239. 3 kips 

For two plates, P, = 2(239.3) = 478. 6 kips 


The nominal strength based on the net section is P, = 479 kips 
3.4-3 

Gross section: A, = 8(3/8) = 3.0in.?, Py = FyAg = 36(3.0) = 108 kips 

Net section: | Hole diameter = + + + = 2 in. 


An = Ag — Doty x (dor a’) = 3 — (3/8)(5/8) = 2. 766 in? 


or An = 3~(3/8)(5/8) - /8)| 5/8 z a = 2, 954 in? 


or An = 3-(3/8)(5/8) - G/a)| 518 - 1) Gy x2 = 3.141 in? 
or An = [3 — (3/8)(5/8)(2)] x £ = 3. 038 in.? 
or An = (3- (3/8)(5/8) — (/8)| 5/8 - oe |) $ = 3.460 in? 


Use A, = A, = 2.766 in.” 
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P, = FyAe = 58(2.766) = 160. 4 kips 
(a) Gross section: $,P,, = 0.90(108) = 97.2 kips 


Net section:  @,P, = 0.75(160.4) = 120 kips @:P, = 97.2 kips 
oe Py _ 108 _ 
(b) Gross section: 0, 1.67 64.7 kips 
Net section: 2% = 160.4 — 80.2 kips P,JQ, = 64.7 kips 
f . aa ce een 


3.4-4 


Gross section: Ag =5.87in2, Pp, = FyAg = 50(5.87) = 293.5 kips 


Net section: Hole diameter = 14 + + = 1,25 in. 


An = Ag — Yi ty x (dor d’) = 5.87 — 0.448(1.25) = 5, 310 in? 


2 
or An = 5.87 —0.448(1.25) ~ 0.448] 1.25 . CX | = 4,813 in? 


U=1-4 =1- 098 - 0.9352 


Ag = AnU = 4,813(0, 9352) = 4,501 in.? 
P, = FyAe = 70(4.501) = 315. 1 kips 
(a) Gross section: $,P, = 0.90(293.5) = 264 kips 
Net section:  @/;P, = 0.75(315.1) = 236 kips (controls) 
P, = 1,2D+1.6L = 1.2(36) + 1.6(110) = 219 kips <236 kips (OK) 


Since Py < @:P, (219 kips < 236 kips), The member has enough strength. 
{ . Pr = 293.5 — ‘ 
(b) Gross section: Go der 176 kips 
ee Pio ale cs : 
Net section: a a0 7 158 kips (controls) 
P, = D+L = 36+110 = 146kips<158kips (OK) 
Since Pg < a (146 kips < 158 kips), The member has enough strength. 
; ee Ee eee ee ees 


3.4-5 


For A572 Grade 50 steel, Fy = 50 ksi and F, = 65 ksi. 
Compute the strength for one angle, then multiply by 2. 
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Gross section: A, = 3.98 in.?, P, = FyAg = 50(3.98) = 199.0 kips 
For two angles, P, = 2(199.0) = 398.0 kips 


Net section: Hole diameter = £ 4: + = 1in. 


An = Ag— Sit x (dord’) = 3.98 - (3/8)(1) = 3. 605 in” 


6 Age 998 =GR)A)= /8)| 1 = as | = 3.793 in2 


of 4p = 3.98 = GRA) 3/8)] J 5 | x2 = 3,980 in? 


or A, = 3.98 — (3/8)(1) x 2 = 3. 230 in.*, but because of load transfer, 
use 4, = (3.230) = 3, 768 in.? for this possibility. 


Le es Po Bol 
U= 1 } l 34343 0.9043 


e = A,U = 3.605(0.9043) = 3. 260 in.? 

Py = FyA, = 65(3.260) = 211. 9 kips 
For two angles, P, = 2(211.9) = 423. 8 kips 
(a) LRFD Solution 

Gross section: $P, = 0.90(398.0) = 358 kips 

Net section: bP, = 0.75(423.8) = 318 kips (controls) 

$:Pn = 318 kips 

(b) ASD Solution 


ee Pn — 398.0 _ 
Gross section: aaa hs Bea 238 kips 
Net section: 4% = 423.8 — 212 kips 
ft . 
Pra _ ; 
ron = 212 kips 
3.4-6 


Gross section: P, = FyAg = 36(3.31) = 119. 2 kips 


Net section: Usea gage distance of 2.5+2.5 — ie = 4, 563 in. 
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: Ok eres Camere! a 
Hole diameter = a + 8 7 in. 
A, = Ag— > tx (dord’) 
= 3.31 — (7/16)(7/8) = 2. 927 in.? 


or Ay = 3.31 —(7/16)(7/8) — c16)| J us ales | = 2.640 in.? 


Use A, = An = 2.640 in.?, and P, = FA, = 58(2.640) = 153. 1 kips 
(a) Gross section: @;P, = 0.90(119.2) = 107 kips 
Net section: @/,P, = 0.75(153.1) = 115 kips 


Gross section controls. @:P, = 107 kips 


(b) Gross section: Pro = 119.2 - 71.4 kips 


Q), 1.67 
CO: <i oe CON eee ‘ 
Net section: Q, ~ 3.00 76.6 kips 
Gross section controls. P,/Q, = 71.4 kips 
3.5-1 


Shear areas: 


Ag = 554.5) = 1, 969 in? 


Am = —e[4.5 ~1.5(1.0)] = 1.313 in? 


Tension area = Ap) = Ell.75 ~— 0.5(1.0)] = 0.5469 in.? 


For this type of connection, U;, = 1.0, and from AISC Equation J4-5, 
Rn = 0.6F Any + Vos uA at 
= 0.6(65)(1.313) + 1.0(65)(0. 5469) = 86.8 kips 


— 


with an upper limit of 
0.6F yA gy + UnsFuAm = 0.6(50)(1.969) + 1.0(65)(0.5469) = 94.6 kips 
R, = 86.8 kips 
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Shear areas: 
Ag = 5(2+4) x2 = 6in? 


Ary = 4[2 +4 =1,5(1.125)] x 2 = 4. 313 in? 


Tension area = Ay; = 417.5 —2—2~ (0.5 +0.5)(1.125)] = 1. 188 in.? 


For this type of connection, U;; = 1.0, and from AISC Equation J4-5, 
Rn = 0.6F uA + UssFyA nt 
= 0,6(58)(4.313) + 1.0(58)(1. 188) = 219 kips 
with an upper limit of 
0.6F yA gy + UssFyAm = 0.6(36)(6) + 1.0(58)(1. 188) = 199 kips 


R, = 199 kips 
3.5-3 
Tension member: 
The shear areas are Aggy = 73.5 + 1.5)x2 = 4.375 in? 
aa = 2 gb ae + 2 
An = E[3.5+1 5~1.5(2+4 L) | x2 3.227 in. 

Se Soe i ee ee in2 

The tension area is An = ig [ 3.0 (0.5+0.5)(4 + g )] 0.9297 in. 


For this type of connection, Us; = 1.0, and from AISC Equation J4-5, 
Rn = 0.6F yA my + UssFudnt 
= 0.6(58)(3.227) + 1.0(58)(0.9297) = 166. 2 kips 
with an upper limit of 
0.6F yA gy + UssFuA mt = 0.6(36)(4.375) + 1.0(58)(0. 9297) = 148. 4 kips 
The nominal block shear strength of the tension member is therefore 148.4 kips. 
Gusset Plate: 


Ag 


lt 


3(3.5 +2.5) x2 = 4.5 in? 


Any 


+135 + 2,5 ~1.5(7/8)] x2 = 3. 516 in? 
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An = [3.0 ~ (0.5 +0,5)(7/8)] = 0.7969 in.? 


From AISC Equation J4-5, 
Ry = 0.6F Any + UssFuAnt 
= 0,6(58)(3.516) + 1.0(58)(0. 7969) = 168. 6 kips 
with an upper limit of 
0.6F yAgy + Uosl An = 0.6(36)(4.5) + 1.0(58)(0. 7969) = 143. 4 kips 
The nominal block shear strength of the gusset plate is therefore 143.4 kips 


The gusset plate controls, and the nominal block shear strength of the connection is 143.4 
kips 


(a) The design strength is dR, = 0.75(143.4) = 108 kips @R, = 108 kips 
(b) The allowable strength is = = 1.4 = 7]. 7 kips R,/Q. = 71.7 kips 
3.5-4 


Gross section nominal strength: 

P, = FyAg = 50(3.60) = 180.0 kips 
Net section nominal strength: 

An = 3.60 ~ 0.314(7/8)(2) = 3. 051 in? 


U=1-4 = rey = 0.9125 


Ae = A,U = 3,051(0.9125) = 2. 784 in.* 
P, = FyAe = 65(2.784) = 181.0 kips 
Biock shear strength of tension member: 
The shear areasare Ag = 0.314(1.5+34+3)x2 = 4. 710 in? 
An = 0.314[1.5+3+3-2,5(7/8)] x2 = 3. 336 in.* 
The tension area is 
An = 0.314[3.0 - (0.5 + 0.5)(7/8)] = 0,6673 in? 
For this type of connection, Us; = 1.0, and from AJSC Equation J4-5, 
Ry = 0.6F yA ny + UssFuAnt 
= 0.6(65)(3.336) + 1.0(65)(0.6673) = 173.5 kips 
with an upper limit of 


0.6F yA gy + UseFuAm = 0.6(50)(4.710) + 1.0(65)(0.6673) = 184. 7 kips 
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The nominal block shear strength of the tension member is therefore 173.5 kips. 
Block shear strength of gusset plate: 


Ag 


tt 


3(1.5+3+3) x2 = 5.625 in? 


ll 


Any = 3(1.54343—-2.5(1/8)] x2 = 3. 984 in? 


An = 3{3 = (0.5 + 0.5)(7/8)] = 0.7969 in.? 
From AISC Equation J4-5, 
Ry = 0.6F yA ny + UasF uA m 
= ().6(58)(3. 984) + 1.0(58)(0.7969) = 184, 9 kips 
with an upper limit of 
0. 6FyAgy + UssFudm = 0.6(36)(5, 625) + 1.0(58)(0.7969) = 167. 7 kips 


The nominal block shear strength of the gusset plate is therefore 167.7 kips. The gusset plate 
controls, and the nominal block shear strength of the connection is 167.7 kips 


(a) Design strength for LRFD: 
For tension on the gross area, @;P, = 0.90(180.0) = 162 kips 
For tension on the net area, ¢;P, = 0.75(181. 0) = 136 kips 
For block shear, Ry = 0.75(167.7) = 126 kips 
Block shear controls. Maximum factored load = design strength = 126 kips 


(b) Allowable strength for ASD: 


For tension on the gross area, oe = 180.0 . 1908 kips 
f 


1.67 
‘ Py TREO 2 
For tension on the net area, 0, 2-00 90. 5 kips 
Rn _ 167.7 — ‘ 
For block shear, QO 74007 83.9 kips 
Block shear controls. Maximum service load = allowable strength = 83.9 kips 
3.6-1 


(a) Py = 1.2D+1.6L = 1.2(28) + 1.6(84) = 168 kips 


is Hei os OB oe 
Required Az 0.9F, 0.9(36) 5.19 in. 
Required A, = wt we LGB. we 3. 86 in? 


0.75F,  0.75(58) 
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Required rmin = ay = Hele. = 0,72 in. 


Try LS x 3% x% 
A, =5.81 in > 5.19in.2 (OK) 
Fin = Pz = 0.744 in. > 0.72 in. (OK) 
An = 5,81 —0.75(1.125) = 4. 966 in? 
A, = A,U = 4.966(0.80) = 3. 97 in.* > 3.86 in.? (OK) 
Use an L5 x 34x % 


(b) Pga=D+L = 28 +84 = 112 kips 


: a es a o, . SIND a Te} 
Required A, = F, * 0.6% * 0.6(36) 5.19 in. 

7 aes Pa a 112 — 2 
Required A, = 0.5F, 0.5(58) 3. 86 in 
Required rmin = ais = BOD = 0.72 in. 


Try LS x 34% x% 
A, =5.8lin?2 >5.19in? (OK) 
Pmin = Yz2 = 0.744 in. > 0.72 in. (OK) 
A, = 5.81 —0.75(1. 125) = 4. 966 in.? 
Ae = AnU = 4.966(0.80) = 3.97 in.? > 3.86 in.? (OK) 
Use anL5 x34x% 


3.6-2 
(a) Py = 1.2D+ 1.6L = 1.2(100) + 1.6(50) = 200.0 kips 
Required A, = <4 = —200_ ~ 6.17 in2 
: y 


: Py 200 <2 
dA, = te = — 4. ng ; 
Required A 075F, 0.75(58) 4,60 in 
in ee = 20X12 9 8; 
Required rimin 300 300 0.8 in. 
Try C12 x 25 


Ag = 7.34in2 > 6.17in2 (OK) 
rnin = ry = 0.779 in. < 0.8 in. (N.G.) 


(Although this value for the radius of gyration does not quite satisfy the AISC 
recommendation for maximum slenderness, tensile strength is not affected by slenderness, so 
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some leeway is permitted. Therefore, we will consider this value acceptable.) 
An = 7.34 — 0.387(1.125)(2) = 6. 469 in.? 
= aie ea gs UOT as 
U=1 } 1 r 0.8877 


Ae = AnU = 6.469(0. 8877) = 5.74 in? > 4.60 in? (OK) 
Use a C12 x 25 
Alternate solution using a larger radius of gyration: 
Try C15 x 33.9 
Az = 10.0in. > 6.17in.2 (OR) 
min = ry = 0.901 in. >O0.8in. (OK) 
An = 10 ~ 0.400(1.125)(2) = 9. 100 in? 


y=1-% =1- 9788 = 0.8687 


Ae = A,U = 9,100(0. 8687) = 7. 91 in.* > 4.60 in.2 (OK) 
Alternate: Use a C15 x 40 


(b) Pa = D+L = 100 +50 = 150 kips 


. a Pe =e Pa = 150 =2 in 2 
Required Ag F, ” 0.6%) ~ 0.6036) = 6. 94 in. 
: = Pa = 150 a in 2 
Required A, = O5r, 0.5(58) = 5. 17 in. 
Required fmin = i = axle = 0.8 in. 
Try C12 x 25 


Ag = 7.34 in? > 6.94in.2 (OK) 
rmin = Pry = 0.779 in. <0.8in.  (N.G.) 


(Although this value for the radius of gyration does not quite satisfy the AISC 
recommendation for maximum slenderness, tensile strength is not affected by slenderness, so 
some leeway is permitted. Therefore, we will consider this value acceptable.) 


An = 7.34 — 0.387(1.125)(2) = 6. 469 in.? 


Y 
A, = A,U = 6.469(0. 8877) = 5. 74 in? > 5.17 in.? (OK) 


u=1-% =1- 2874 - 0.3877 


Use a C12 x 25 
Alternate solution using a larger radius of gyration: 


Try C15 x 33.9 
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A, = 10.0in? > 6.94in? (OK) 
Poin = Fy = 0.901 in. >0.8in. (OK) 
An = 10-0.400(1.125)(2) = 9. 100 in? 
U=1-4= i oe = 0.8687 
Ae = A,U = 9.100(0. 8687) = 7.91 in.? > 5.17 in? (OK) 
Alternate: Use a C15 x 40 


3.6-3 


(a) Py = 1.2D+1.6L = 1,2(30) + 1.6(90) = 180.0 kips 


Paget 2 nee bi eae 15a 
Required A, = 0.5% ~ 0.90(50) > 4.00 in. 
Required A, = St a BU 9 COTS 


0.75F,  0.75(65) 
L_ . 25*12 _ | gin, 


300 300 


The angle leg must be at least 5 in. long to accommodate two lines of bolts (See usual gages 
for angles, Fig. 3.24. Also see the last table in the single-angle section of the Dimensions 
and Properties tables in the Manual.) 


Try 2L5 x 5 x */i6 
A, =6.13 in? >4.00in.2 (OK)  rmin = %, = 1.56in.>1.0in. (OK) 
A, = 6.13 — 4(7/8 + 1/8)(5/16) = 4. 880 in.? 

From AISC Table D4.1, for 4 or more bolts per line, LU = 0,80 
Ae = A,U = 4,880(0. 80) = 3.90 in.? > 3.69 in? (OK) 


Required rnin = 


Use 2L5 x 5 x 9/16 


(b) Pa = D+L = 30490 = 120 kips 
Required Ay = tee = rca = 4,00 in? 
Required A. = te = oo esy = 3. 69 in.” 
Required rmin = aha = ainda = 1.0 in. 


The angle leg must be at least 5 in. long to accommodate two lines of bolts (See usual gages 
for angles, Fig. 3.24. Also see the last table in the single-angle section of the Dimensions 
and Properties tables in the Manual.) 


Try 2L5 x 5 x 9/16 
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Ag =6.13 in? > 4.00in.2 (OK) rin = Fx = 1.56 in. > 1.0 in. (OK) 
An = 6.13 — 4(7/8 + 1/8)(5/16) = 4. 880 in,? 
From AISC Table D4.1, for 4 or more bolts per line, U = 0.80 
Ae = AnU = 4.880(0.80) = 3.90 in? > 3.69 in.2 (OK) 
Use 2L5 x 5 x FVt6 


3.6-4 
(a) Load combination 4 controls: 


P, = 1.2D+1.6W+0.5L = 1.2(54) + 1.6(75) + 0.5(80) = 224. 8 kips 


: Deets a Se 8 ty 2 
Required A, 0.90F, 9.90(56) 5.00 in. 
: ck es Sag: 8 ee 
Required A, = OTF, 075(65) 4, 61 in. 
Required rmin = ahs = Lhe xte = 0.7in 
Try C10 x 20: 


A, = 5.87 in.? > 5.00in.* (OK) 
rmin = ry = 0.690 in. = 0.7 in. (say OK) 


(Since the slenderness ratio limit is a recommendation rather than a requirement, this is close 
enough.) 


A, = AgU = 5,87(0.85) = 4.99 in.2 ~ 5.00in.2 (sayOK)  UseaCl0 x 20 
(b) Load combination 6 controls: 


P, = D+0.75W+0.75L = 54+ 0.75(75) + 0.75(80) = 170. 3 kips 


‘ ee sf eer) 02) ec ae ey 
Required A, = 0.6F,) ~ 0.6(50) = 5. 68 in. 
Required Ae. = fa . 120.3 2 5,24 in? 


0.5F,  0.5(65) 


Required rmin = 365 = Ing x2 = 0.7 in. 


Try C12 x 25: 
Az = 7.34 in? > 5.68in.? (OK) 
min = ry = 0.779 in. > 0.7 in. (OK) 
Ae = AgU = 7.34(0.85) = 6, 24 in. > 5.24 in.? (OK) Use a C12 x 25 


er ett TT 
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3.6-5 


; ee ed j 2 
Required A, 0.97; 0.9(36) 5. 56 in. 


Required A, = ae Ss eee 1) NT Oa er 


Required rmin = hr hee) bi 0.6 in. 
Try C10 x 20 
Ag = 5.87in.2 > 5.56in.2 (OK) 
rmin = ty = 0.690 in. >0.6in. (OK) 
A, = 5,87 — 0.379(1.0)(2) = 5. 112 in.? 
Ae = A,U = 5,112(0.85) = 4.35 in.? > 4.15 in? (OK) 
Use a C10 x 20 


3.6-6 


From Part 1 of the Manual, all W10 shapes have a flange thickness < 1.25 in. Therefore, 
from Table 2-3 in Part 2 of the Manual, Fy, = 50 ksi and F,, = 70 ksi. 


P, = 1.2D+1.6Z = 1.2(175) + 1.6(175) = 490.0 kips 


Required A, = Sor = ac = 10.9 in? 

; She Rh oh HOO rae 
Required A, = 0.15F. ~ 0-75(70) Ded oi: 
Required rmin = _ = Axle = |, 2 in. 

Try W10 x 49 


Ap = 14.4in2 > 10.9in2 (OK) 
rnin = ty = 2.54in.>1.2in. (OK) 
An = 14.4 —0.560(1.25 + 0.125)(4) = 11.32 in 
4p. 10.0 52 = From AISC Table D3.1, Case 7, U = 0.90 
Ae = AnU = 11.32(0.90) = 10.2 in? > 9.33 in (OK) 
Use a W10 x 49 
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3.7-1 


(a) LRFD: Load combination 1 controls: Py = 1.4(45) = 63.00 kips 


: ei Senna ee ee 63:17!) Mente ne 
Required 4s = 955(°75F,) ~ 0.75(0.75)08) 


Let 24 = 1.931, d= 1, 568in. 
Required d = 1.57 in, Use 1°/8 in. 


(b) ASD: Load combination 2 controls: Pa = D+L=45+5= 50 kips 
F, = 0.375F y, = 0.375(58) = 21. 75 ksi 


Required A, = oe = 20. = 2,299 in? 
ft 
Let ae =2.299, d=1.71in. 


Required d = 1.71 in. Use d = 1% in. 


3.7-2 


(a) Dead load = beam weight = 0.048 kips/ft 
w, = 1.2wy + 1.6wy = 1.2(0.048) = 0.0576 kips/ft 
P, = 1.2Pp+1.6Pz, = 1.6(20) = 32.0 kips 
Because of symmetry, the tension is the same in both rods. 
Ty = 4[0.0576(30) + 32] = 16. 86 kips 
Ty 


: na are ee 16,86 - iad 
Required Area = Ap 0.750. 75F.) ~ 0.75(0.75)8) 0.5168 in. 


From A, = ad required d = j AO tes) = 0.811 in. 


Required d = 0.811 in., used = 7/8 in. 


(b) Maximum force in rod occurs when live load is a A or D. Entire live load is taken by 
one rod. 


Ts 0.057630) +32 = 32. 86 kips 


. _ ve ue BORE : me 
Required A» = 57579 75R,) ~ 0.750.758) ~ 1 O07: 
Let ad. = 1,007, d= 1.13 in. Required d = 1.13 in., use d = |“%in. 
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3.7-3 
(a) Dead load = beam weight = 0.048 kips/ft 
Because of symmetry, the tension is the same in both rods. 
Ta = 4[0.048(30) + 20} = 10. 72 kips 
1 = 0.375F, = 0.375(58) = 21.75 ksi 


Required 4, = 42 = 19-22 = 0.4929 in2 
t é 


Let a = 0.4929, d= 0.792 in. Required d = 0.792 in., use d = 13/16 in. 


(b) Maximum force in rod occurs when live load is a A or D. Entire live load is taken by 
one rod. 


Tis SOAS) 20 = 20. 72 kips 
: we ho Se DOD, od 
Required A, = = S195 = 0.9526 in. 


Let #4 = 0.9526, d= 1. 10in, Required d = 1.10 in, use d = 1/8 in, 


3.7-4 


All members are pin-connected, and all loads are applied at the joints; therefore, all members 
are two-force members (either tension members or compression members). Load 
combination 4 controls. 


1.6W = 1.6(10) = 16 kips 


Joint B Joint C 
16k —m0@—~ 16k - 16k eo 
a ts 


tan’! (20/40) = 26.57° 
At joint C, 
> F; = 16 ~ 7,c0s26.57° = 0 => , = 17.89 kips 


_ en bs seep BO ea eGR 
Required 43 = 97500. 75F,) ~ 0.750.758) ~ 99484 in. 


Let ae = 0.5484, d = 0.836 in. Required d = 0.836 in., use d = 7/8 in. 
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3.7-5 


(a) LRFD: P, = 1.2D+ 1.6L = 1.6(35) = 56 kips 


@ = tan™'(9/15) = 30.96° 
ee 
j =a 56k 
+15 


Mc = 56(15) - [Tsin(30.96°)](15) = 0, T= 108.9 kips 


; ie esa ea es OM, ence tH 2 
Required 4s = T7579 FER) ~ 9.75(0.75)68) 


Let ne = 3,338, d= 2,062in. 
Required d = 2.06 in. Use 2 '/g in. 
(b) ASD: Py = D+L = 35 kips 


C @ = tan'(9/15) = 30,96° 
Se al 
t 35k 
pated 


>) Mc = 35(15) — [Tsin(30. 96°)}(15) = 0, T = 68.04 kips 
F, = 0.375F, = 0.375(58) = 21. 75 ksi 
Required Ap = -e- = APSE 

f ‘ 


Let FL = 3.128, d= 2.00 in. d =2in. 


3,7-6 
From Part i of the Manual, the inside diameter is d = 10,0 in. 
2 
Volume of water per foot of length = ae x12 = 200.0)" x 12 = 942.5 in? 


The total weight per foot is 


weight of water + weight of pipe = as (62.4) +40.5 = 74. 53 lb/ft 
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where the density of water has been taken as 62.4 |b/ft3 
(a) Treat the load as 100% dead load: ow, = 1.4(74.53) = 104, 3 lb/ft 
The load at each support is 104.3 lb/ft x10 ft = 1043 Ib 


is ig 
BF, = 27-1043 =0 
T =521.5 1b 
1043 Ib 
Required A, = —~-—/___ = —_0.5215 __ = 1 598 x 107 in? 


0.75(0.75F,)  0.75(0.75)(58) 


Let #42 = 0.01598, d= 0.143 in, 


Required d = 0.143 in. Use °/g in.minimum 


(b) The load at each support is 74.53 Ib/ft x10 ft = 745.3 |b, 


it T 
BF, = 2T - 745.3 =0 
T = 372.7 lb 


745.3 |b 


F, = 0.375Fy = 0.375(58) = 21. 75 ksi 


Required 4, = £ = TR = 1.714x 107 in2 
1 . 


Let 24 0.01714, d= 0.148 in, 


Required d = 0.148 in, Use °/s in.minimum 


err HHA ht dng 
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3.84 


Interior joint load: 


Snow: 20(10)(12.5) = 2500 Ib 

Roofing: 12(10)(30. 15/30)(12. 5) = 1508 Ib 
Purlins: 8.5(12.5) = 106. 3 Ib 

Truss weight: 1000/3 = 333. 3 Ib 


(The assumption that the truss weight is distributed equally to the joints is approximate but is 
consistent with the approximate nature of the estimate of total truss weight.) 


(a) Load combination 3 controls: 
1.2D + 1.65 = 1.2(1.508 + 0.1063 + 0.3333) + 1.6(2.5) = 6,337 kips 


Exterior joint load. Use half of the above loads except for the purlin weight, which is the 
same: 


1.2D + 1.65 = 1.2( 4398 + 0.1063 + 0.3333.) £ 1.6( 455 | = 3, 232 kips 


R 


By 
6.337 k 6.337 k Saag 


3. My = 6.337(10) + 6.337(20) + 3.232(30) — Rax(3) = 0 
Ra, = 95,69 kips + 


Joint B: 


SF, = 95.69 + aiotg Fac =0, Fac = 96.17 kips 
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_F ac 


Required A, = 0.9%, = any = 2.97 in.? 
Required A, = 8c = 96.17 2 9 91 in? 


0.75F,  0.75(58) 
L=10( 2945.) = 10.05 8 


Required Finin = aby = 40.05 x12. = 0.402 in. 


Try WTS x 11 
Ag = 3.24 in? >2.79in.2 (OK) —rmin = 1.33 in. > 0.402 in. (OK) 


U=1-% = 1-197 ~ 9.9027 


A, = A,U = 3.24(0,9027) = 2. 93 in.? > 2.21in.? (OR) Use WTS x 9.5 
(b) Load combination 3 controls: 
D+L = 1.508 + 0.1063 + 0.3333 +2.5 = 4, 448 kips 


Exterior joint load: use half of the above loads except for the purlin weight, which is the 
same: 


D+L = 1308 + 0.1063 + 03333 + 25. = 2277 kips 
For a free-body diagram of the entire truss, 
D1 Mg = 4.448(10) + 4.448(20) + 2.277(30) ~ Rax(3) = 0 
Ray = 67.25 kips + 


For a free body of joint B: 


Li Fs = ~67.25 + 389 Fec = 0, Fac = 67.59 kips 


Required A, = oe = TRIE = 3.13 in? 


Required A, = ie i ocageee > Me ae Te 


: 2 vied. oy LOCOS ID : 
Required rmin = 300 = “3007 > 0.402 in. 
Try WT5 x 11 


Ag = 3.24 in? > 3.13 in? = (OK) rin = 1.33 in. >0.402in. (OK) 
att ct. V0Fe 2 
U=1-F=1-492 = 0.9027 
Ae = AgU = 3.24(0.9027) = 2. 93 in2 > 2,33 in2 (OK) Use WTS x 9.5 


ett EAA PE A TEE EN LE Eire in ererenet——e 
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3.8-2 


The diagonal web members are the tension members, and member AL has the largest force. 


DE aap eo 
A | | 12k 
ae B C | 12k 
9' 1 
ere G 


_____— = 54) 


Using the method of sections and considering the force in member AL to act at L, 
Me = 45(Faz sin45°) ~ 12(45 + 36 +27 + 18+ 9) =0 
Fy, = 50.91 kips 


i PE eens Sth ete i 2 
Required Ag 0.9F, 9..9(50) 113-40, 


Required A, = Faz. 50.91 = 1, 04 in? 


0, 75 Py 0.75(65) 
L= {(9)*+(9)? = 12.73 ft 


Required rmin = ee = SS = 0.509 in. 
Try L34 «3x4 
Ag = 1.56in.2 > 1,13 in? (OK) min = 0.628 in. > 0.509 in. (OK) 
Ay = 1.56- (244) (4) = 1.341 in? 
From AISC Table D3.1, Case 8, use a value of U = 0.80 
Ae = AnU = 1.341(0.80) = 1.07 in? > 1.04in.? = (OK) 


Use L3+4 x3x + for member AL 


This shape can be used for all of the web tension members. Although each member could be 
a different size, this would not usually be practical. The following table shows the relatively 
small difference in requirements for all the web tension members. 
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Force Req’d A, 
Member (kips)  (in.*) 
AL 50.91 113 
BK 46.86 1.04 
CJ 43.27 0.962 
DI 40.25 0.894 
EH 37.95 0.843 


3.8-3 
Use load combination 3: 1.2D + 1.645. 


Tributary surface area per joint =15,/(9)* + (9/6)? = 136. 9 ft? 
Roofing: 12D = 1.2(12)(136. 9) = 1971 Ib 
Snow: 1.65 = 1.6(18)(9 x 15) = 3888 Ib 
Truss weight: 1.2D = 1,2(5000)/12 = 500 Ib 
Purlin weight: 1.2D = 1.2(33 x 15) = 594.0 Ib 
Interior joint: 197] + 3888 + 500 + 594 = 6953 lb = 6.95 kips 
At peak: 1971 + 3888 + 500 + 2(594) = 7547 Ib = 7.55 kips 
Load = 7.55 kips at peak, 6.95 kips elsewhere 


3.8-4 


Dead load per truss = (4 + 12 + 6)(40.79 x 2)(25) + 5(80)(25) = 54,870 Ib 
Snow load per truss = 18(80)(25) = 36,000 Ib 

D = 54870/8 = 6859 Ib/joint, S = 36000/8 = 4500 Ib/joint 
(a) Load combination 3 controls: 


Factored joint load = 1.2D + 1.65 = 1.2(6.859) + 1.6(4.500) = 15. 43 kips 
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g (22.29 15.43 k 


Bottom chord: Member FE has the largest tension force. 


Use a free body of joint £: 


R = Reaction =7(15.43)/2 = 54. 01 kips 
YF, = 54.01 - aiap Foe =0, For = 275.4 kips 


SS 275.4( qt0- ) ~Fpe=0, Fre = 270.1 kips 


Required Ay = A FE- = 220.1. = 6, 002 in? 


: Fre 270.1 2 
dA, 
Required A 075F. ~ 0-75(65) 5. 541 in 
From A, = AgU, Required A, = a a — ance a =6, 524K" 


(This controls the gross area requirement.) 


Required rmin = ats i = 0.4 in, 


Try 2L 34x34 x > 
Ag = 6.53 in? > 6.52 in.2 (OK) 
ry = 1.05in, ry = 1.63 in, Pmin = 1.05 in. > 0.4 in. (OK) 


Use 2L 34 x 34 x + for bottom chord 


Web members: Design for the maximum tensile force, which occurs in member AH, and use 
one shape for all tension web members (the diagonal web members). Using the method of 
sections (see figure), consider the force in member AH to act at H. 


Length = ,/(8)2 + (10)? = 12.81 ft. 
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Mg = <8 F4u(30) - 15.43(10+204+30) = 0, Fay = 49.41 kips 
12.81 


fan . 49.41 _ 2 
Required Ag = 0. 9F, 0..9(50) 1. 098 in 
Ha AO AN ee FOIA IR? 


Required A, = 0.715F, 0.75(65) 
Required d. 1.014 1. 19 in.? (controls) 


From A¢ = AgU, Required A, = gee ge 
j 5 iat Ns tans Cee a Lee, Soe : 
Required min = 300 300 0.512 in. 


Try 2L2x2x + 
Ag = 1,44in.? > 1.19 in. (OR) 
ry = 0.612 in, ry = 0.967 in., Min = 0.612 in. > 0,512 in, (OK) 
Use 2L 2 x 2 x * for diagonal web members 


(b) Load combination 3 controls: 


Joint load = D+ S = 6859 + 4500 = 11,360 lb 


gp 18.29 7 11.36 k 


Bottom chord: Member FE has the largest tension force. 


Use a free body of joint £: 


R = Reaction = 7(11.36)/2 = 39. 76 kips 


SF, = 39.76 - rE) For =0, — Fpg = 202.7 kips 


yee 202.7( qf } -Fre=0, Fre = 198.8 kips 
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Required Ag = tte = 06Gb) = 6, 627 in? 


Ly an Ln a Gi 


Required Ae = Q-se = 0.5(65) 
From A, =AgU, Required A, = Reguited fi 2 bel bin? 
U 0.85 
(This controls the gross area requirement.) 
fe a de er ONES (2k dg 
Required F min 300 400 0.4 in. 


Try 2L5x5x + 
Ag = 7.30 in? > 7.20in.2 (OK) 
r, = 1,55 in, ry = 2.20in,  . Pmin = 1.55 in. > 0.4 in. (OK) 
Use 2L 5 x 5 x 4 for bottom chord 


Web members: Design for the maximum tensile force, which occurs in member AH, and use 
one shape for all tension web members (the diagonal web members). Using the method of 
sections (see figure), consider the force in member AF to act at H. 


Length = (8)? + (10)? = 12. 81 ft. 


Ms = aah gz Fan(30) —~11.36(10+20+30)=0, Fay = 36.38kips 


Required A, = aoe = ear = |, 213 in.? 


F ge AB es 2 OSB = bag 
Required de = Sp = G 5(65) ~ [119m 
FromAe =AgU, Required Ag = Required de _ 1.119 = 1, 32 in.2 (Controls 
g U 0.85 
Required rmin = ox = 2281 x12 = 0.512 in. 


300 300 
Try 2L.2x2x 


Ag = 1.44 in? > 1.32 in? (OK) 
ry = 0.612 in, ry = 0.967 in., 1. Pmin = 0.612 in. > 0.512 in. (OK) 


Use 2L 2 x 2 x =} for diagonal web members 


retest asansrsnse 


3.8-5 

Use sag rods at midspan of purlins. 
Top Chord length = / (40)? + (8)? = 40. 79 ft 
Tributary area = 40.79(25/2) = 509. 9 fi? 
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(a) Total vertical load = 6(509.9) = 3059 Ib 


Component parallel to roof = 3059( a8 


Since the design is for dead load only, use load combination 1: 


P, = 1.4D = 1.4(600) = 840 lb 


Required A, = —-A4—— = —0.840 = 9.02575 in 


$:(0.75F,)  0.75(0.75)(58) 


) = 600. 0 Ib 


Let al = 0.02575: d=0.18lin. Required d = 0.181 in., Use 2 in. minimum 


(b) P, = 600.0 lb 
= 0.375F, = 0.375(58) = 21. 75 ksi 


Required 4 = = Boon. = 0.02759 in? 
t A 


Let ae = 0,02759, d = 0.187 in. Required d = 0.187 in., Use 2 in. minimum 
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CHAPTER 4 - COMPRESSION MEMBERS 


4.3-1 
KL _ 1.00012) _ 
(a) "5 65 45.28 


ro 


2 2(29,000) ; 
F,= i %*(29,000) = |39. 
(KLiry? (45.28) 39. 6 ksi 


E 29,000 _ 
4.71 ins = 4.71,| sq (LIS. 4 


Since KL/r = 45.28 < 113.4, use AISC Eq. E3-2. 
Fe = 0.658" F, = 0.658 60139.6)(50) = 43. 04 ksi 
Py = ForAg = 43.04(29.4) = 1265 kips P, = 1270 kips 


KL _ 1.0G0x 12) 
) AE = Se = 135.8 


p= 2 E_ _ #(29,000) 
° (KLIr)? (135.8)? 


es 29,000 _ 
4.1 [# =4.71] ae = 113.4 


Since KL/r = 135.8 > 113.4, use AISC Eq. E3-3; 
Fy = 0.877F. = 0.877015.52) = 13. 61 ksi 
Py = ForAg = 13.61(29.4) = 400. 1 kips Py = 400 kips 


= 15.52 ksi 


4.3-2 
EL = 100s * 12) _ 81.52 


r 


2 2(29, 000) 
F = i E = Fe NSA ( 2 = 4 ‘ 5 
: (KL ir)? (81.52)? sent! 


Fie 29,000 _ 
4,71 3 = 4.71 [ao = 135.6 


Since KL/r = 81.52 < 135.6, use AISC Eq. E3-2: 
Fup = 0.658F) Fy = 0.658059) (35) = 24. 91 ksi 
Py = ForAg = 24.91(11.1) = 276. 5 kips P, = 277 kips 
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4.3-3 


‘Ki... 21GS5%-12) 
i 7. aa 154, 3 


_ WE _ 72(29,000) _ 15 oy pe: 
Kin ane 


En 4.71 | 29,000. 
4.71 [pe = 4.71 50 113.4 


Since KL/r = 154.3 > 113.4, use AISC Eq. E3-3: 
For = 0.877F. = 0.877(12.02) = 10. 54 ksi 


P, = Fordg = 10.54(16.8) = 177. 1 kips P, = 177 kips 
4,3-4 

KL . 0.65(15 x12) _ 
(a) r a 3.39 = 48. 95 

eee a age x? (29,000) _ 119. 5 ksi 


(KLiry? (48.95)? 


= 29,000 _ 
4.71 = 4.71 aE = 118.3 


Since KZ/r = 48.95 < 118.3, use AISC Eq. E3-2: 
Fy = 0.6586") Fy = 0,658491195)(46) = 39. 15 ksi 
Py = FeAg = 39,.15(13.5) = 528. 5 kips 


Design strength = @-P, = 0.90(528.5) = 475. 7 kips d-P, = 476 kips 
el 928 Pine , 
Allowable strength = Q, ia 316. 5 kips 0. = 316 kips 


(b) From Manual Table 4-22, for KL/r = 48.95 and F, = 46 ksi, 
beF cr = 35.21 ksi (by interpolation) 


b-Pn = beFaAg = 35.21(13.5) = 475. 3 kips $ePn = 475 kips 
ee = 23.41 ksi (by interpolation) 
c 
Pr 7 FA 2 os F Pn. = i 
ah = GE = 23.41(13.5) = 316.0 kips ie lala ss 
3-5 


(a) Kees ae 12). 50. 32 
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_ PE _ 229,000) 
° (KLIr? (50.32)? 


nee o 29,000 _ 
4.7] Es = 4,71 [= 113.4 


Since KL/r = 50.32 < 113.4, use AISC Eq. E3-2: 
Fey = 0.658FF) Fy = 0,658 6013-0 (50) = 41. 55 ksi 
Py = ForAg = 41.55(24.0) = 997, 2 kips 

Design strength = 6-P, = 0.90(997.2) = 897. 5 kips 


= 113.0 ksi 


Rtg BOT as 
Allowable strength = 0. Ca 597. 1 kips 


(b) From Manual Table 4-22, for KL/r = 50.32 and Fy = 50 ksi, 
bcF cr = 37.40 ksi (by interpolation) 
bcPn = PceFcorAg = 37.40(24.0) = 897, 6 kips 


b-Pn = 897 kips 


Py _ cos 1; 
0. = 597 kips 


b-Pn = 898 kips 


ma = 24.87 ksi (by interpolation) 
Py _ Ford ; fe i 
fe = “SE = 24.87(24.0) = 596.9 kips oo 
4,3-6 
KEL _ 0.80212) _ 
(a) KE = DBC RTE) ~ 42.83 


r= E_ . 22(29,000) 
* (KLiry? (42.83)? 


ces [29,000 _ 
4p = AY Sag = 113.4 


Since KL/r = 42.83 < 113.4, use AISC Eq. E3-2: 
Fe = 0.658F/F) Fy = 0.658606 (50) = 43. 72 ksi 
P, = FeAg = 43.72(35.1) = 1535 kips 

Design strength = @-P, = 0.90(1535) = 1382 kips 


= 156.0 ksi 


oi  ASSS. cas 
Allowable strength 0, [eT 919, 2 kips 


(b) From Manual Table 4-22, for KL/r = 42,83 and Fy = 50 ksi, 
b-F er = 39.33 ksi (by interpolation) 
bePn = bcFerAg = 39.33(35.1) = 1380 kips 
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Pr 
Q- 


= 919 kips 


6-Pn = 1380 kips 


Po 26,22 ksi (by interpolation) 


Q, 

Pn _ Fadg _ = Pi 

at = “GE = 26.22(35. 1) = 920. 3 kips Gt = 920 kips 
43-7 


Compute the overall, or flexural, buckling strength, 
Maximum SL = oy FS x12) 87.80 <200 (OK) 


ina 000 
4,7) # = 4.7] 46 = 118 


Since 87.80 < 118, use AISC Equation E3-2. 


Fie ee a) ag, 13 ksi 


(KL/r)? (87.80)? 
Fy = 0.6584") Fy = 0,658 4537.13)(46) = 27, 39 ksi 
The nominal strength is 
Py = ForAg = 27.39(6.06) = 166. 0 kips 


Check width-thickness ratios. From the dimensions and properties table in the Manual, the 
width-thickness ratio for the larger overall dimension is 


The ratio for the smaller dimension is 
b_ 
rie 43.0 


From AISC Table B4.1, case 12 (and Figure 4.9 in this book), the upper limit for nonslender 
elements is 


E 29,000 _ 
1.40 | 1.40 | = 35.15 


Since both i. and b are > 1.40 [2 , both elements are slender and the local buckling 
¥ 


strength must be computed. (Although the limiting width-thickness ratio is labeled 4/f in the 
table, that is a generic notation, and it applies to h/t as well.) 


Because these cross-sectional elements are stiffened elements, Q,; = 1.0, and Q, must be 
computed from AISC Section E7.2. The shape is a rectangular section of uniform thickness, 
so AISC E7.2(b) applies, provided that 


b ie 
be 1.402 
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aes 
eee 


and Ag is the reduced effective area. The Specification User Note for square and rectangular 
sections permits a value of f = F’', to be used in lieu of determining f by iteration. From 
AISC Equation E7-18, the effective width of the slender element is 


_ 0.38 fE ates 
be = 1.92¢ ie E ap {2 |ss (AISC Equation E7-18) 


For the 10-inch side, using f = F’, and the design thickness from the dimensions and 
properties table, 


be = 1.92(0.174) 2,08 E a 29,01 ie |- 6. 920 in, 


From AISC B4.2(d) and the discussion in Part 1 of the Manual, the unreduced length of the 
10-inch side between the corner radii can be taken as 


b = 10~2(1.5t) = 10 ~2(1.5)(0.174) = 9. 478 in. 


where the corner radius is taken as 1.5 times the design thickness. The loss in area for the 
twol0-inch sides is therefore 


2(b ~ bet = 2(9.478 ~ 6.920)(0. 174) = 0.8902 in? 
For the 8-inch sides, the unreduced length between the corner radii can be taken as 
b = 8~2(1.5f) = 8 — 2(1.5)(0.174) = 7. 478 in. 


29,000 [, 0.38 [29,000 
46 (43.0) 


be = 1.92(0.174) | = 6, 527 in. 


The loss in area for the two 8-inch sides is 

2(b — b,)t = 2(7.478 — 6.527) (0. 174) = 0.3309 in.? 
The reduced area is 

Aeg = 6.06 ~ 0.8902 — 0.3309 = 4. 839 in.’ 


The reduction factor is 


O = O;Qa = 1.0(0.8074) = 0.8074 
Compute the local buckling strength. 


39,000. 
— = 4.71 | 5 o5hacasy 131.6 


AL 87.80 < 131.6 “ use AISC Equation E7-2. 
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QF 0.8074 (46) 
Fo = Q| 0.658 Fe |F, = 0.8074] 0.658 37.13 46 = 24. 44 ksi 


P, = FyAg = 24.44(6,06) = 148 kips P, = 148 kips 


Iterative solution for /: 
As an initial trial value use 

J = Fe = 24.44 ksi (the value obtained above after using an initial value of f= Fy) 
For the 10-inch side, b = 9.478 in., and 


25,000 }1- 0.38 [29,000 


be = 1.920. 174) 74 Ad (54:5) 24.44 


| = 8. 744 in.. 


The loss in area for the two! 0-inch sides is therefore 
2(b ~ be)t = 2(9.478 ~ 8.744)(0. 174) = 0.2554 in.” 
For the 8-inch sides, b = 7. 478 in., and 


a 29, 000 . 0.38 {29,000 | _ : 
be = 1.92(0.174) 7A 44 E (43.0) 1 24.44 | = 8.005 in.> 


Therefore, there is no reduction for the 8-inch sides, and the reduced area is 
Aog = 6.06 — 0.2554 = 5. 805 in.? 
The reduction factor is 


On = “Gf = 308 = 0.9579 


Q = Q;Q,4 = 1.0(0.9579) = 0.9579 
Compute the local buckling strength. 


Eo 3 j—29,000_ _ _ 
4.71 Io = 4.71 Tostocagy = 120-8 


AL — 87.80 < 120.8 — . use AISC Equation E7-2. 


OF, 
Fe = Q! 0.658 Fe |F, 


0.9579(46) 
= 0,9579| 0.658 37.13 46 = 26. 81 ksi + 24.44 ksi (the assumed value) 


Try f= 26.81 ksi: 


[4-6] 


5 28, 000 |, _ 0.38 [29,000 | _ 
be = 1.92(0.174) | Sees E B45) ae | 8. 468 in. 


The total loss in area is 

2(b ~ be)t = 2(9.478 — 8.468)(0. 174) = 0.3515 in.? 
and the reduced area is 

Aeg = 6.06 — 0.3515 = 5, 709 in.? 
The reduction factor is 


Oa = Aah = 51? — 0.9421 


OQ = O;Qa = 1.0(0.9421) = 0.9421 


Compute the local buckling strength. 


{29,000 __ 29,000 
ON GF = 4,7] 0.9421(46) = 121.8 


= 87.80 < 121.8 . use AISC Equation E7-2. 


QF) 
F,=Q]| 0.658 Fe |F, 


0.9421(46) 
= 0.9421] 0.658 37.13 46 = 26.59 ksi + 26.81 ksi 


Try f = 26.59 ksi 
be = 1,92(0.174) | 222000 E _ 0.38 / 29,000 | = 8, 492 in., 


26.59 (54.5) ¥ 26,59 
Loss in area = 2(b — b,)t = 2(9.478 — 8.492)(0.174) = 0.3431 in.? 
Reduced area = Agg = 6.06 ~ 0.3431 = 5.717 in? 


ga ri = “Eig 7 0.9434 


O = 0,02 = 1.0(0.9434) = 0.9434 


ie [29,000 _ 
OF, as 0. 9434(46) tne 


AL — 87.80 < 121.8 +. use AISC Equation E7-2. 


QF, 
Fep = Q| 0.658 Fe Fy 


4.71 
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0,9434(46) 
= 0.9434) 0.658 37.13 46 = 26. 61 ksi ~ 26.59 ksi 


Recall that AISC Equation E7-18 for 6, applies when 5/t > 1.40 /£/f. In the present case, 


1.40) 4 = 1.40 {222000 . 46.2 


26.61 
Since 54.5 > 46.2, AISC Equation E7-18 does apply. 
Py = FoAg = 26.61(6.06) = 161. 3 kips ”. local buckling controls. 
P,, = 161 kips 
4,3-8 


Compute the overall, or flexural, buckling strength. 


Maximum KL. = AL. 21H TD = 87. 20 < 200 (OK) 
39,000 
an [Ee =4.n JP = 113.4 


Since 87.20 < 113.4, use AISC Equation E3-2. 


2 
_ EE .. H°(29,000) _ 39 Garey 


~ (KL)? (87.20)? 
Fy = 0,658" F, = 0.65800764)(50) = 28. 68 ksi 
The nominal strength is 
Py = FoAg = 28,68(29,8) = 855 kips 


Check width-thickness ratios. From the dimensions and properties table in the Manual, the 
width-thickness ratio of the web is 

fh. 

ans 32,9 


From AISC Table B4.1, case 10 (and Figure 4.9 in this book), the upper limit for nonslender 
elements is 


a ee (29,000 _ 
1.49 F, = 1.49 aa ie = 35, 88 


Since > 1.49 the web is slender. 
fy oa 


For the flange, 


Des ee gs (29,000° _ 
ty 7.68 < 0,56 a 0.56 Pacer 13.49 ., flange is not slender 
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Because the web is a stiffened element, 0, = 1.0, and Q, must be computed from AISC 
Section E7,2. AISC E7.2(a) applies, provided that 


b £ 
b> 1.49 /E 


where }/t is the generic notation for the width-thickness ratio and f = F, computed with 
Q = 1.0. From the flexural buckling strength computations above, Fe = 28.68 ksi. 


We ts 29,000 _ 
149/% = 1.49/ Oe = 47.38 


Since a < 1.49 = , local buckling does not control. P, = 855 kips 
i pS ee 
4,3-9 
KL . 0.80012) _ 57. 83 


e 1.66 


2K m?(29 000) : 
é E. 2 “er . 
P= ’ ir? = (57.83) 85. 58 ksi 


foie ks £29,000 _ 
4,7] F, = 4,7] aa Td = 118.3 > 57.83 


Fey = 0.658 4/Fo Fy = 0,65848/8558) (46) = 36. 73 ksi 
Py = FoAg = 36.73(5.24) = 192.5 kips 

(a) Let Py = @cPn 
1.2D+1.6(2D) = 0.90(192.5), Solution is: {D = 39. 38} 


P= D+L = 39.38 + 2(39,38) = 118 kips P = 118 kips 
(b) Let Py = PAlQe 

D+L = 192.5/1.67 = 115 kips P = 115 kips 
4,3-10 

AL 


r 


0.8(30 x 12) _ 
eS = 93.81 


_ aE _ 229,000) _ 39 59 4s 
(RL? (93.81)? en 


SH 6 [29,000 _ 
4.71 fae = 4.714 gy = 113.4 > 93.81 


. Fey = 0.658 /F 0) Fy = 0,658 608252) (50) = 26. 27 ksi 
Py = ForAg = 26.27(25.6) = 672. 5 kips 
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(a) @-Pn = 0.90(672.5) = 605 kips 
P, = 1.2D+1.6£ = 1.2(110) + 1.6(280) = 580 kips < 605 kips (OK) 
A W12 x 87 is adequate 


Pa =D+ZL = 110+280 = 390 kips<403 kips (OK) ~ 
A WI12 ~x 87 is adequate 


KL = 1.0(18) = 18 ft 
(al) Py = 1.2D+4+ 1.62 = 1.2(265) + 1.6(130) = 526.0 kips 
From the column load tables for AZ = 18 ft,a W14 x 74 has a design strength of 563 kips. 
Use a W14 x 74 
(a-2) a= D+L = 265 +130 = 395 kips 


From the column load tables for KZ = 18 ft, a W14 x 82 has an allowable strength of 413 
kips. 


Use a W14 x 82 
(b-1) Assume Fy, = 25 ksi 


ee ee 71s) “2 
An? Gre p.o00s) 


Try W16 x 77 (anonslender shape), Ay = 22.6 in.?, ry = 2.47 in. 
AL . Me) = 87.45<200 (OK) 


Fe TOES ou, 77(29, 000) a 87 AS ket 


*  (KLiry? (87.45)? 


ee . 29,000 _ 
4.71 Ps =4.71 sy = 113.4 > 87.45 


Fy = 0.6584") Fy = 0,65863743)(50) = 28, 59 ksi 
Py = FeAg = 28.59(22.6) = 646. | kips 
$-Pn = 0.90(646.1) = 582 kips> Py = 526kips (OK) Use a W16 x77 


(b-2) Assume Fy, = 25 ksi 
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Try W16 x 89 (a nonslender shape), Ag = 26.2 in.?, ry = 2.49 in. 


(18x12) _ 
KL - W312) ~ 86,75 <200 (OK) 


= OE . ELOY) ~ 38. 03k 
Pe Cxrinyt (86.75)? : 


4.71 [-E = 4.71 | 000 = 113.4 > 86.75 
¥ 


Fey = 0.658 F/Fe) Fy = 0,658 60/38-03)(50) = 28. 84 ksi 
Py = FyAg = 28.84(26.2) = 755. 6 kips 


Px _ 755.6 = ree 
Ce = gy = 52> Pa = 395kips = (OR) Use a W16 x89 


46-2 
KL = 2.0(20) = 40 ft 
(al) Py, =1.2D+1,.6£ = 1.2(110) + 1.6(110) = 308 kips 
From the column load tables for KL = 40 ft, a W12 x 120 has a design strength of 339 kips. 
Use a W12 x 120 
(a-2) Pg=D+L=110+110 = 220 kips 


From the column load tables for KL = 40 ft, a W12 x 120 has an allowable strength of 225 
kips. 


Use a W12 x 120 
(b-1) Py = 1.2D 4 1.6L = 1.2(110) + 1.6(110) = 308 kips 
Assume F,, = 25 ksi 


Be 5 | a 2 
de Fae 0) amare 


Try W18 x 65 (a nonslender shape), 4g = 19.1 in.?, ry = 1.69 in. 
KL _ 2.0(20 x 12) 
1.69 


ry 


A 


= 284.0 > 200 


nee W18 x 86 (anonslender shape), A, = 25.3 in.*, ry =2.63 in. 
2.000% 12) 182.5 < 200 


2 Be _ 22(29,000) _ 4 
Fy (KLir (182.5) 8.59 ksi 


Ee eo 
4.7 [pe = 4.7L gq = 113.4 < 182.5 
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. Fop = 0.877Fe = 0.877(8.594) = 7. 537 ksi 
Py = FerAg = 7.537(25.3) = 190.7 kips 
bcPn = 0.90(190.7) = 171. 6kips <P, = 308kips  (N.G.) 


Assume F, = 8 ksi 


| re ee ee 
4g > GA = Doggy 7 42-8 in 


Try W18 x 158 (a nonslender shape), A, = 46.3 in.?, ry =2.74 in. 
KL. 2.000% 12) 2 175.2 < 200 


Py 
F, = —CE = 729,000) _ 9 395 xsi 
© (KLIr)? (175.2)? 


FL 547 {2 — s. Fy = 0.877F, = 0.877(9.325) = 8.178 ksi 
y Fy 


OoPn = 0.90(378.6) = 341 kips> P, = 308 kips (OK) 
Try the next lightest shape; try a W18 x 143 (a nonslender shape), A, = 42.1 in, ry = 
272 1. 


KE _ 2.0(20x 12) _ 
poo age 176.5 < 200 


2 
F, = —CE_ = £29,000) _ 9 198 ksi 


°(KLIry? (176.5)? 
KE 4.71 4. +. Fe = 0.877Fe = 0.877(9.188) = 8. 058 ksi 


ae ; 
Py = FepAg = 8.058(42.1) = 339. 2 kips 
b-Pn = 0.90(339.2) = 305 kips <P, = 308kips (N.G.) Use a W18 x 158 


(b-2) Pa =D+L = 110+110 = 220kips 


Assume F’,, = 8 ksi 
Po. 220 . 45.8 in? 


As > V6F, ~ 0.6(8) 
Try W18 x 158 (a nonslender shape), Ag = 46.3 in.2, ry = 2.74 in. 


Ries 2 0e* 12) _ 175.2 < 200 


ry 


F, = EE. = 229,000) _ 9 395 ksi 


~ (KLIry? (175.2)? 
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[_E 2. }29,000 _ 
4.71 F, = 4.71 “5 113.4 < 175.2 


1. Fer = 0.877F 2 = 0.877(9.325) = 8. 178 ksi 
Py, = FoAg = 8.178(46.3) = 378. 6 kips 


Py _ 378.6 _ e . 
a i ce Use a W18 x 158 


ererer rent ii tcc eSATA Sd EASE ttm LEIA Ay mer eA AAA ree AA AOHEADSTOPPNDESHY 


KL = 2.1(12) = 25.2 ft 
(a) Py = 1.2D+1.6L = 1.2(100) + 1.6(300) = 600.0 kips 


HSS 14 x 10x 4: b-Pn = 721 kips > 600 kips, w = 93.1 Ib/ft 


HSS 20x 12x32:  $¢Pn = 630 kips > 600 kips, w = 78.4 lb/ft 


ULE RER IBLE 3 


(b) Pa = D+L = 100 +300 = 400 kips 
HSS 20 x 12 x 4 é P,/Q, =419 kips > 400 kips, w = 78.4 lb/ft 
Use HSS 20 x 12 x 4 


a 


6- 


a 


| 


KL = 0.8(15) = 12 fi 
(a) Py = 1.2D+1.6L = 1.2(42) + 1.6(42) = 118 kips 


Pipe 6 Std: $-P, = 133 kips > 118 kips; w = 19.0 lb/ft Use a Pipe 6 Std. 
(b) Pa=D+L = 42+42 = 84kips 

Pipe 6 Std: P/Q, = 88.7 kips > 84 kips; w = 19.0 lb/ft Use a Pipe 6 Std. 
4.6-5 


KL = 2.1(12) = 25.2 ft 
(a) Py, =1.2D+1.6L = 1.2(100) + 1.6(300) = 600.0 kips 
HP14 x 89: ¢-P, = 688 kips Use HP14 x 89 
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(b) P, = D+L = 100 + 300 = 400 kips 
HP14 x 89: P,p/Q,. = 458 kips Use HP14 x 89 


y 


4.6-6 

KL = 0.8(15) = 12 ft 
(a) Py =1.2D+1.6£ = 1,2(42) + 1.6(42) = 118 kips 
HSS 5x 4x 3/8: @-P, = 124 kips > 118 kips, w = 19.7 lb/ft 
HSS6x4x5/l6:  @,P, = 125 kips > 118 kips, w = 19.1 lb/ft 
HSS6x5x 1/4: OP, = 125 kips > 118 kips, w = 17.3 lb/ft 
HSS7x5x 3/16: = @-Pn = 118 kips, w = 14.5 lb/ft Use HSS 7 x 5 x 3/16 
(b) Pom 4 ES 424.40 = 84 Laps 
HSS 6x5 1/4: P,/Q,. = 92.0 kips > 84 kips, w = 17.3 lb/ft 
HSS 8 x 6 x 3/16: P/Q: = 99.6 kips > 84 kips, w = 17.1 Ib/ft 

Use HSS 8 x 6 x 3/16 


4.6-7 

Py, = 1.2D+1.6£ = 1,.2(90) + 1.6(260) = 524 kips 

KL = 0.65(15.33) = 9.965 say 10 ft 

(a) Use a W12 x 53 (@-Pn = 590 kips) 

(b) Use a Pipe 12 XS (w = 65.5 lb/ft, @.P, = 544 kips) 

(c) Use an HSS 9x 9x 4 (w = 55.5 lb/ft, 6-Pn = 585 kips) 

(d) Use an HSS 12 x10 x 3 (w = 52.9 lb/ft, 6-P, = 567 kips) 
4,6-8 


Pz = D+L = 90 +260 = 350 kips 

KL = 0,65(15.33) = 9. 965 say 10 ft 

(a) Use a W12 x 53 (Pp/Q, = 393 kips) 

(b) Use a Pipe 12 XS (w = 65.5 lb/ft, Pp/Q, = 362 kips) 

(c) Use an HSS 9 x 9 x = (w = 55.5 lb/ft, Pp/Q. = 389 kips) 
(d) Use an HSS 12 x10 x 4 (w = 52.9 Ib/ft, P,/Q. = 378 kips) 
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4.6-9 
(a) P, = 1.2D+1.6£ = 1.2(90) + 1.6(260) = 524 kips 
Assume Fy = 25 ksi 


ae = Ys eee in.2 
$.Fo 0.90025) 23. 29 in. 


Try W21 x 93 (a nonslender shape), Ag = 27.3 in.’, ry = 1.84 in. 


KL _ 0.6509. 22% 12). — 64,99 < 200 


ry 


Ag > 


2 2(29, 000) 
F, = —TE = EM = 67. 76k 
* (KLiry? (64.99)? 


as 25,000 _ 
4.71 Ie = 4.71 [22= = 113.4 > 64.99 


1 Fe = 0.6584"Fo PF, = 0,658 667.7650) = 36, 71 ksi 
P, = ForAg = 36.71(27.3) = 1002 kips 
o-P» = 0.90(1002) = 902 kips >524 kips (OK, but too conservative) 


Assume F', = 35 ksi 


Pa -_ §24 = tn 2 
Ag > ire 9,90(35) 16. 63 in. 


Try W21 x 68 (a slender shape), 4g = 20.0in.?, ry = 1.80 in. 
i WSUS SII. perso gh 
80 , 


ry 1. 


= WE. _ £129,000) . 64 96 ksi 
@ (KLir)? (66.43)? : Si 


OE 29,000 _ 
4.71 Fr = 4.71 50 = 113.4 > 64.43 


*. Fe = 0.6580"/Fo F, = 0.658 0064 86)(50) = 36. 21 ksi 
P, = FoAg = 36.21(20.0) = 724. 2 kips 
bePn = 0.90(724.2) = 652 kips >524 kips (OK) 


Check web local buckling. From the dimensions and properties table in the Manual, the 
width-thickness ratio of the web is 


h 
= aS0 


w 


Because this cross-sectional element is a stiffened element, O; = 1.0, and Q, must be 
computed from AISC Section E7.2. AISC E7.2(a) applies, provided that 
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b o5 
aes 


where b/t is the generic notation for the width-thickness ratio and f= F, computed with 
Q = 1.0. From the flexural buckling strength computations above, F, = 36.21 ksi. 


E = ¢.40. 129000 
a2 = 1.49 SET 42.17 


Since fh > 1.49 /4 , local buckling strength must be checked. The unreduced width of 


the web is b = d—2kaes = 21.1 —2(1.19) = 18. 72 in. From AISC Eq. E7-17, The reduced 
effective width is 


be = 1.921 fF] 1 - 2.84 Elsi 


2 29,000 |, 0.34 [22.000 | . 
= 1.92(0,430) | 22.00 E (43 6) 136.21 [= 18.21 in. < 18.72 in. 


The reduced area is 
Ae = A~ ty(b — be) = 20.0 — 0.430(18.72 — 18.21) = 19. 78 in.? 


Ga= = ae = Gg = 0-989 


Determine which critical stress equation to use: 


4.71 | OF, 4.7] 5989(50) Li DT oces 66.43 


OFy 0.989(50) 
. Fo = O| 0.658 Fe |F, = 0.989] 0.658 64.86 (50) = 35.94 ksi 


bcPn = 0.90(718.8) = 647 kips > 524 kips (OK, but still too conservative) 
Try W21 x 62 (aslender shape), 4, = 18.3 in.2, ry = 1.77 in. 


KL _ 0.65(15.33 x12) _ 
ae a = 67.56 < 200 


rE n?(29, 000) 
Fo Ale @ SAE = 62. 
(KLir)? (67.56)? ea 


ee 35,000 _ 
4.71 I =4.71] ig = 113.4 > 67.56 


0 Bop = 0.6580") F, = 0,6586%62.71(50) = 35. 81 ksi 
bePn = 0.90(655.3) = 590 kips>524 kips (OK) 


From the dimensions and properties table in the Manual, the width-thickness ratio of the web 
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Hs gs 
se = 46.9 


Ww 


From the flexural buckling strength computations above, Fo =f = 35,81 ksi. 


Bek, 29,000 _ 
149 [4 = 1.49 | ee = 42.4 


Since i. > 1.49 a , local buckling strength must be checked. The unreduced width of 
Ww 


the web is b = d—2kges = 21.0 —2(1.12) = 18. 76 in. From AISC Eq. E7-17, The reduced 
effective width is 


b. = 1.921 | 1 - 9:88 E\so 


_ 29,000 [, 0,34 [29,000 | _ 7 
= 1.92(0.400) Ja E ae ey (asar | = 17.35 in. <b = 18.76 in 


The reduced area is 
Aeg = A-ty(b— be) = 18.3 - 0.400(18.76 — 17.35) = 17.74 in.? 


Q, = Q = Ae = 11. = 0.9604 


Determine which critical stress equation to use: 


E_ 24,71 | 222000. Khe x 
4.11 [ae 411 | seenarspy = 115-2 > Apt = 67.56 


OF, 0.9694(50) 
. Fe = Q| 0.658 Fe | F, = 0.9694] 0.658 62.71 (50) = 35. 07 ksi 


Py = ForAg = 35.07(18.3) = 641. 8 kips 
O-Pn = 0.90(641.8) = 578 kips > 524 kips (OK) Use W21 x 62 


(b) Pag = D+L = 90 +260 = 350 kips 
Assume Fo = 35 ksi 


wea = Bree es = in. 
Ag > $.Fs * 0.9035) 16. 63 in. 


Try W21 x 62 (a slender shape), 4g = 18.3 in.?, ry = 1.77 in. 
SEE eae ae 


ry 1.77 


2 2(29, 000 
poet SEO 2 erik 
(KLiry? (67.56) = 
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fe [29,000 
4.71 F, = 4.7] ar ae 113.4 > 67.56 


For = 0.658 4%'Fe) Fy = 0,658 662.70 (50) = 35. 81 ksi 
Py = FoyAg = 35.81(18.3) = 655. 3 kips 


Py 655;3° : ,; 
0. 7 Le 392 kips > 350 kips (OK) 


Check web local buckling. From the dimensions and properties table in the Manual, the 
width-thickness ratio of the web is 


A. — 
a 46.9 


Because this cross-sectional element is a stiffened element, O, = 1.0, and OQ, must be 
computed from AISC Section E7.2, AISC E7.2(a) applies, provided that 


b. [£ 
p 2 1.49) 


where 5/t is the generic notation for the width-thickness ratio and f = F, computed with 
Q = 1.0. From the strength calculations above, Fy, = f= 35.81 ksi. 


E . 25,000 _ 
149 /2 = 1.49/25 42.4 


Since A > 1.49 j= , local buckling strength must be checked. The unreduced width of 


the web is b = d—2kes = 21.0 — 2(1.12) = 18. 76 in. From AISC Eq. E7-17, The reduced 
effective width is 


b. = 1.924 fF] 1 - 0.34 E | ss 

I (bith ¥ f 
_ 29,000 [, 0,34 [29,000 |] _ 7 
= 1.92(0,400) J S25" [1 ae 5} 20 [=17,35in.<b 18.76 in. 


The reduced area is 


Ag = A-—ty(b— be) = 18.3 ~0.400(18. 76 -— 17.35) = 17. 74 in? 


Q.=Q = Aa = 1274 - 0.9694 


Determine which critical stress equation to use: 


jee 29,000 _ KL. 
4.71 [oe = 4.71 | 5-58bacsoy 115.2 > KL = 67.56 


QOFy 0.9694(50) 
. Fo = Q| 0.658 Fe [F, =0.9694) 0.658 62.71 (50) = 35. 07 ksi 


Py = FoAg = 35.07(18.3) = 641. 8 kips 
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Py _ 641.8 _ F : 
G. 1.67 384 kips > 350 kips (OK) Use W21 x 62 


KL a Zt ra 12) = 46. 14, asco = 10e ste) = 62. 15 (controls) 


2 
F, = WE = 729,000) _ 94 10 ksi 


OO REI (62:15)? 


ae 25,000 _ 
4.71 [ae = 4-71 | 22,000 103. 5 > 62.15 


Fey = 0.6584"/Fe) F, = 0.658610 (60) = 42.75 ksi 
Py = FyypAg = 42.75(29.5) = 1260 kips 


Check for slender compression elements for F, = 60 ksi. 


ee : ae 29,000 _ 
Flange: 4 = 5 = 5.29, dr 0.56 | 0.56 J 12.3 


Since A < A,, flange is nonslender. 


a oe 7 2 79,000 _ 
Web: A= = 24.3, 2, = 1.49 J = 1.49/29 = 32.8 


Since 2 < A,, web is nonslender. Therefore, the nominal compressive strength is 
P, = 1260 kips. 
P, = 1260 kips 


4,7-2 


For an HSS 10 x 6 x 5/16, Ag = 8.76 in.?, ry = 3.66 in., ry = 2.47 in., and there are no 
slender elements (see table that follows Manual Table 1-12). 


Rb, 48% 12 45 KyL _ 9x12 _ 
eh A512 49.18, et = SX = 43.72 


2 EE. 729,000) _ 119. 3 ksi 
(KLiry? (49.18)? 


FE ss aigy] 22000 
4.7 fae = 4.71) 96 118.3 


Since KL/r = 49.18 < 118.3, use AISC Eq. E3-2: 
Fp = 0,658FFe) Fy = 0,658 461183)(46) = 39. 09 ksi 
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(a) GoP, = 0.90(342.4) = 308. 2 kips $-P, = 308 kips 


ae os - 
oO. 205 kips 


Pn .. 342.4 _ : 
(b) 0. * 1 205.0 kips 


4,73 
Fora W12x79, 9 Ag = 23.2 in.?, ry = 5.34, in, ry = 3.05 in. 


AL. 28x12 _ Kyl _ 16x12 _ 
a ey = 62, 92, a 1 ie 62.95 (controls) 


mE _ ™(29,000) _ 
(KL ir)? (62.95)? 


EO. 4.71 [22,000 _ 
4.71 pe = 4.71) ee 103. 5 


Since KL/r = 62.95 < 103.5, use AISC Eq. E3-2: 
Fe = 0,6580%F) Fy = 0.658 69223)(60) = 42. 38 ksi 
Py = FopAg = 42.38(23.2) = 983. 2 kips 


Check for slender compression elements for Fy = 60 ksi. 


i a BO a ae / 29,000 _ 
Flange: air? 8.22, Ar = 0.56 F 0.56 a 12.3 


Since A < /,, flange is nonslender. 


a = 2 ae 29,000 _ 
Web: A = i = 20.7, Ar = 1.49 F, = 1,49 r= ae = 32.8 


Since A < A,, web is nonslender. Therefore, the nominal compressive strength is 

P, = 983.2 kips. 
(a) LRFD Solution: 

OcPn = 0.90(983.2) = 885 kips 

Py = 1.2D+1,6£ = 1.2(180) + 1.6(320) = 728 kips < 885 kips (OK) 

Yes; member is satisfactory. 

(b) ASD Solution: 

Fn = 283.2 — 589 kips 


Q, ~ “1.67 
Pa = D+L = 180 +320 = 500 kips <589kips (OK) 


Yes; member is satisfactory. 
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4,.7-4 
Reb = 22, K,L = 22-10 = 12 ft 
(a) Py = 1.2D+1.6L = 1.2(142) + 1.6(356) = 740.0 kips 
From the column load tables for KE = 12 ft, trya W14 x 74 
o-P, = 766 kips for KL = 12 ft. 


BGP good. ot , 
rx/ry 2.44 9.02 ft< 12 ft Use a W14 x 74 


(b) Pa = D+ L = 142 +356 = 498 kips 
From the column load tables for KL = 12 ft, try a W14 x 74 


Pn = 510 kips for KL = 12 ft. 


Qe 

AL . 22. 

rxlPy 9.44 9. 02 ft < 12 ft Use a W14 x 74 
4.7-5 


K,L=35f, KyL=15f 
(a) Py = 1.2D+1.6L = 1.2(380) + 1.6(1140) = 2280 kips 


From the column load tables for KZ = 15 ft, there are no W8 or W10 shapes with enough 
strength. Try a W12 x 230: 


bcPn = 2450 kips for KL = 15 ft 


K,L _ 35 _ 
ai 180 19.44 ft> 15 ft 


For KL = 19 ft, @-Pn = 2150 kips <2280kips (N.G.) 
Try a W12 x 252: 


IGE 2 33 = 
a ase eT 19.34 ft>15 ft 


For KL = 20 ft, @-P» = 2280 kips=P, (OK) 
Investigate W14 shapes: Try a W14 x 211. @-Pn = 2420 kips for KL = IS ft 


| Sa eae 
“i éi 21.74 ft. > 15 ft 


For KL = 20 ft, ¢-P, = 2160 kips <2280kips (N.G.) 
Try a W14 x 233: 


Hele DOL ey 
=a 9 1") 21. 60 ft> 15 ft 
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For KL = 21.60 ft, @-Pn = 2300 kips > 2280 kips (OK) 
The W14 x 233 is the lightest W shape (in the column load tables) that will work. 

Use a W14 x 233 
(b) Pa = D+L = 380+ 1140 = 1520 kips 


From the column load tables for KZ = 15 fi, there are no W8 or W10 shapes with enough 
strength. 


Try a W12 « 230: 


a = 1630 kips for KE = 15 ft 


c 


Keb 10.35). 2 
rie = Pag 7 19-44 ft> 15 f 


For KL = 19 ft, i = 1430kips<1520kips  (N.G.) 
Try a W12 x 252: 


Keb _ 35. 19. 34RD 154 


rz/ry 1.81 
For KL = 20 ft, a = 1520kips=P, (OK) 
¢ 
Investigate W14 shapes: Try a W14 x 211. a = 1610 kips for KZ = 15 ft 
Sy ee bs Saee 
Se = Tay =U AA SR 
For KL = 20 ft, 4% = 1440 kips<1520kips _ (N.G.) 


QQ. 
Try a W14 x 233: 


AL 35 21. 60 A> 15% 


Pal 1.62 
For KL = 21.60 f, ie ~ 1530 kips>1520kips (OK) 
The W14 x 233 is the lightest W shape (in the column load tables) that wil! work. 


Use a W14 x 233 


4,7~6 


K,L=15f, KyL = 7.5 


KL 


KyL = 2.0. This is true for all rectangular 


The x-axis strength will control when r,/r, < 
HSS. 
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(a) P, = 1.2D4+ 1.6L = 1.2(35) + 1.6(80) = 170.0 kips 


6) eee ee 
r,/ry 1.2 12.5 ft 


Try an HSS 9 x 7 x 3/16 (w = 19.7 Ib/ft): 


Assume r;/ry = 1.2, 


KL me 15 = = ] = 
ie Tar 12.40 ft, -Pn =170kipsforKL=13ft (OK) 


Use an HSS 9 x 7 x 3/16 


(b) Pa = D+L = 35+ 80 = 115 kips 


eC) ewe bees 
r;/ry 1.2 12.5 ft 


Try an HSS 9 x 7 x 3/16 (w = 19.7 lb/ft): 


Assume r;/ry = 1.2, 


Se. =115kips=P, (OK) 
¢ 


Use an HSS 9 x 7 x 3/16 


K,.L = 27%,  KyL = 15 ft 


KL KL 
K,L will control when re, > KyL, or KL > Fx/ry 


For thi po) pee eae 
For this column, KyL is 1.8 


KYL 
ry/Py 


(a) Py, = 1.2D+1.6L = 1.2(33) + 1.6(82) = 171 kips 


ry/ry is < 1.8 for all HSS, so will control for this column. 


Check within each range of r,/ry for possible choices. 


For rity = 1.2, Ke = 22 222.58. Try anHSS 10x 8x 4, w = 29.2 lb/ft 


rx/ry 12 
ars = PL, = 22.7 bePx > 205kips (OK) 
Forr,/ry = 1.3, a = 2f =2]ft. TryanHSS8x6x oe w = 41.9 lb/ft 
a = 2, = 21.6, bePx > 201 kips (OK) 
For rity © 1.4, ae = 27 =19f,  Tryan HSS 12x 8x, w= 24.7 Ib/h 


| ey ees 11 et 
se Fae 19. 85 ft, @cePn > 171 kips (OK) 


{ 
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For ryiry = 1.6, 2 = 22 = 178,  TryanH8S9x5x 2, w = 32.5 lb/ft 


rs/ry 1.6 
Ack 2 22. - 17,09 f, $eP, = 188 kips> 171 kips (OK) 
Fsihy 1.58 
rd ee + ie a sons 
For rir, = 1.7, Ss = 25 = 16 ft.  Tryan HSS 12 6x 4, w = 29.2 Ibvft 
KALE 27 


Ase = 42 = 15.79 ft, oP, >218kips (OK) 


Use an HSS 12 x 8 x 4, w = 24.7 lb/ft 


(b) Pa = D+L = 33+ 82 = 115 kips 


Check within each range of rx/ry for possible choices. 


For rxiry = 1.2, a = 25 =22.5f.  Tryan HSS 10x 8x +, w = 29.2 lb/ft 


ae P 
hi Aloe oe, 


> 142 kips (OK) 


Forr,/ry = 1.3, 42 = 22-218,  TryanHSS8x6x 4, w= 41.9 Ib/fi 


Eee ae Pn 
Fh 1°38 21. 6 ft, > 134kips (OK) 


i 


For r,/ry = 1.4, = 19 ft. Try an HSS 10 x 6 x +, w = 25.8 lb/ft 


rylPy TA 
RE a DT Pie iar , 
ZF, a8 18. 24 ft, a. 116 kips > 115 kips (OK) 
For re/ry = 1.6, 4 = 22 2178.  TryanHSS9x5x 2, w = 32.5 lb/ft 
rylry 1.6 8 
Kole <2 27> S Pn _ : : 
ay Ss 17. 09 ft, Q. 125 kips> 115 kips (OK) 
K,L eee ees i _ 
For ry/ry © 1.7, A as Oc 16 ft. Try an HSS 1I2x6x ~, w = 29,2 Ib/ft 
xify . 
AL 27 Pn 
pa alee | 15. 79 ft, rae >145kips (OK) | 
Use an HSS 10 x 6 x +, w = 25.8 lb/ft 
4,7-8 
de _ Delelbe _ 2(303V12 _ 
(a) Column AB: Gy= 10, Gz = Se = 3(510)/20 = 0,991 
From the alignment chart, K, ~ 1.90 ky = 1.90 
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(b) Column BC: Gc = Gz = 0.991 and kK, = 1.31 
(c) Column AB: 
KL _ 1.9002 %12) 

= 47 = 62. 61 


Pa 
4.71 F = 113.4 


|-# , the column is inelastic. Since K, for column BC is smaller, 
y 


K,L/r, is smaller, so column BC is also inelastic. 


Tq is applicable to both columns. 


7-9 


—we 


From the alignment chart, K, = 1.9 


KL _ te se 


Since Axl < 4.71 jz, the column is inelastic. 
x Fy 


(a) Py = 1.2D+1.6L = 1.2(204) + 1.6(408) = 897. 6 kips 


Lu, = 897.6 i 
A, aE” 23. 50 ksi 


From Table 4-21 in the Manual, tz = 0.924 by interpolation. 

Use Gz = 0.924(10.1) = 9.3 
From the alignment chart, K, = 1.86 K, = 1.86 
(b) Pa=D+L = 204+ 408 = 612 kips 


Po a2 612. — 
A, = 39) 16. 02 ksi 


From Table 4-21 in the Manual, tz = 0.912 
Use Gg = 0.912(10.1) = 9.2 
From the alignment chart, Kx = 1.86 K, = 1.86 
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~ S"7/L, 800/18 + 800/20 — 


From the alignment chart, K, ~ 1.78 


Kb _ 1.7815 x12) _ 
= aE = 60. 34 


4.7) [ae = 113.4 


Since fat < 4.71 the column is inelastic. 
x 1F ae 


(a) Py = 1.2D+1.6L = 1.2(50) + 1.6(150) = 300 kips 


Bea sr BOO". os i 
rh eS 14, 22 ksi 


From Table 4-21 in the Manual, tz = 1.00 ©. no modification is necessary, 


KyL _ 1,0(15 x 12) 
hy 3.04 


ee ae ?(29, 000) ~ 78 . 
Fe (KLiry? (60.34)? . 61 ksi 


For = 0.6580Fe) Fy = 0, 6586078-61(50) = 38. 3] ksi 

Py, = FoAg = 38.31(21.1) = 808. 3 kips 

$ePn = 0.90(808.3) = 728 kips b-Pn = 728 kips 
(b) Pa = D+L = 50+ 150 = 200 kips 


Pg ano = 
a =F 9. 479 ksi 


= 59.21 < 60.34. Aad 


From Table 4-21 in the Manual, tz = 1.00 .. no modification is necessary. From part (a), 
P, = 808.3 kips. The allowable strength is 


Pn _ 808.3 Paw : 
0.7 16 = 484 kips = 484 kips 
4.7-11 


ee detelbe _ 2013 _ 
(a) Member AB: Ga = 10, Ga = Ss 37730 2.3 


From the alignment chart, K, * 2.15 Ky = 2.15 
(b) Member BC: From part (a), Gg = 2.3 
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pp) ae a ee _ 
c= Sai, ~ 13130 ~ 1.54 K, = 1.57 


: = "*airsno 7? 
(c) Member DE: Gp Sigil,  2(1.51/30) et 


— VidLe 21/13 


Gre = = oe = 1.15 K, = 1.3 
POS Ibe  2(2130) 
(d) Member EF: From part (c), Gg = 1.15. Use Gr = 1.0 Ky = 1.35 
i 
4.7-12 


Dwic/Le _ 2x 640/15 
Go = SS = Fe = 1 2 
6" SJL, 1330/30 


— IL, _ 2x 640/15 _ 
Gr= Far, = 7x 133080 ~ 


From the alignment chart, K, = 1.45 


K,L _ 1.45015 *12) _ 43 65 


rs 5.98 
|e = 
4.71 F, 113.4 
Since Fab < 4,71 = , the column is inelastic. 
* y 


(a) Use LRFD to determine the stiffness reduction factor (Alternatively, ASD could be 
used). 


P, = 1.2D+1.6L = 1.2(80) + 1.6(159) = 350. 4 kips 


Pu . 350.4 — 19. §8 ksi 
Ag 


From Table 4-21 in the Manual, t2 = 0.986 by interpolation. 
Use Go = 0.986(1.92) = 1.9, Gr = 0.986(0.962) = 0.95 


From the alignment chart, K, ~ 1.42 Ky = 1.42 
Keb 2 14205 412). yL — 1.001512) _ 
(b) eo Of = 42.74, ae 745 = 73, 47 (controls) 


_ mE, 2°(29,000) _ 53 99 ksi 
eK? (73.479 cians 


7 ae 79,000 _ 
4.7 [ae = 471 [22,000 = 113.4 > 73.47 
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Fer = 0.6584 Fo) Fy = 0,658(9/53.02)(5Q) = 33, 69 ksi 
Py = FoAg = 33.69(17.9) = 603 kips P, = 603 kips 


(a) G4 = 10.0, Gy = Selle 55.23 = 0,27 


From the alignment chart, K, = 1.7 


Bie .. WO S12) = 455 5 


Py 2.17 
fee gs [29,000 _ 
4,7] F, = 4,7] her i 118.3 
Since Eek > 4.71 # , the column is elastic, and the stiffness reduction factor cannot be 
* y 
used 
K, = 1 7 
KyL _ 1.0013 * 12) _ Ky 
OC). ag ee 
2 2(29, 000) z 
Foe ed | Fy 1017 
Ken eee 
Fe = 0.877F, = 0.877(19.17) = 16. 81 ksi 
Py = FoAg = 16.81(11.7) = 196. 7 kips P, = 197 kips 


4.7-14 
(a) Py = 1.2D+1.6L = 1,2(25) + 1.6(75) = 150.0 kips 


For purposes of determining G, assume that y-axis buckling controls and select a shape for 
AB, For KL = 1.0(14) = 14 ft, select a W8 x 31 with @.P, = 248 kips. 
L, 
G, = DatclLe 110/14 0.27 


Gp = Selelbe _ Old + 248/14 
a STi 2(448/20) 
From the alignment chart, Ky = 1.14 


K,L _ 1.14(14 x 12) 


” ap = 55.19 
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o on = 
4.7) Fe 113.4 


Since Kyl. < 4.71 - , the column is inelastic, and the stiffness reduction factor can be 
y 


Px 

used. But 
KyL - 1.004 x12) _ 83.17 > KL 
Py 2.02 ; x 


so y-axis buckling controls, and the stiffness reduction factor is not needed. 
Use a W8 x 31 
(b) Pa = D+L=25+75 = 100 kips 


For purposes of determining G, assume that y-axis buckling controls and select a shape for 
AB. For KL = 1.0(14) = 14 ft, select a W8 x 31 with 2% = 165 kips. 


GC, = Dllhe _ _AMNN4 97 
A Siig 20291120) 


Dlelbe _ WO/14 + 248/14 _ g 59 


De 2(448/20) 
From the alignment chart, Ky » 1.14 


K,L _ 1.144% 12) _ 
eS ae a = 55.19 


Gz = 


= 
4.71 foe 113.4 


KE 


rx 
used. But 


KyL _ 1.0(14« 12) _ eas 
ee a 2 8h > 


so y-axis buckling controls, and the stiffness reduction factor is not needed, 


Use a W8 x 31 


Since < 4.71 | , the column is inelastic, and the stiffness reduction factor can be 
y 


ae entice en Ne oer sinecemaneerymnbints NT err mmrrrrtst 


4.8-1 
Compute the flexural buckling strength for the x-axis: 


le: 8.07 
2 
F, = EE, = EO800) @ 57.82 ksi 
(KLir) (70.36) 
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oz 29,000 _ 
4.71 F = 4.74 50 = 113 


Since A < 4,71 - , AISC Equation E3-2 applies. 
y 


cr = 0.6580" FR, = 0,658 60/5782)(50) = 34, 82 ksi 
The nominal strength is 
Py = FyAg = 34.82(26.8) = 933 kips 


Compute the flexural-torsional buckling strength about the y-axis (the axis of symmetry): 


From the Manual Companion CD, #, = 4.64 in. and H = 0.859 
Compute F’, using AISC E3, From AISC Equation E3-4, 


F,= WE 2 WE _ 729,000) 2 55 9) ksi 


~(KLiry? ~~ (KyLiry)? (72.00)? 


Since KyLiry < 4.71 | = 113 
y» 


Foy = 0.658 FF, = 0,658 605521 (50) = 34, 23 ksi 


GJ_ _ 11,200(15.3) _ 599 9 ksi 


AgFi 26. 8(4.64)? 
Foy + Fon = 34.23 + 297.0 = 331.2 ksi 


Bac aa (Fz + Foy ) 1. f, skeet 
a 2H (Foy + For)? 


_ 331.2 [1 |, 4G 23) 257.090, 859) | aes a 


~ 2(0.859) (331.2)? 
Pa = ForAg = 33.63(26.8) = 901 kips 


Pog = 


The flexural-torsional buckling strength controls. Pn = 901 kips 


4.8-2 


AISC E4(b) must be used, because this shape is nonslender and is neither a double-angle 
shape nor a tee shape. Check flexural buckling strength about the y axis (this is the axis of 
no symmetry for a channel): 


KL _ 0.65(12x12) _ 
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es | ee 7°(29,000) _ 8. 98 ksi 
Pe (Kir)? (122.8) 18. 98 ksi 


Es [29,000 é. 
4,71 Fe = 4.71 = 113.4 < 122.8 


*, Fo = 0.877F, = 0.877(18.98) = 16. 65 ksi 
Py = FoAg = 16.65(8.81) = 147 kips 


Flexural-torsional buckling strength about the x axis (this is the axis of symmetry for a 


channel): 
K,L _ 0.65(12* 12) _ 
“a 4.29 eens 
2 
Rye PE 2 222,09 — 601.2 ksi 


~ (KLiry’ (21.82)? 


rECw 1 
es | oo J 
Pe Bex +G | 


= | 2-29,000)051) 11, 200(0.861 lendsar = 80.27 ksi 
| 20000. 861) | ei4. 54) aes 


(0.65 x 12 x 12)? 
Fy + Fez = 601.2 + 80.27 = 681. 5 ksi 


Fy t+ F “AF.F.n 
F, = (723s | 1- |1-—*=, 
ais (Fey + Fez)” 
_ 685 [ _ fp SOL DG.ZNO HN | _ 79 29 si 
2(0.919) E | (681.5) 79, 29 ksi 


To determine which compressive strength equation to use, compare this value of F with 


0.44F, = 0.44(50) = 22.0 ksi 
Since 79.29 ksi > 22.0 ksi, use AISC Equation E3-2. 

Fy = 0.6580/F F, = 0,6580%%29)(50) = 38. 40 ksi 

P, = FoAg = 38.40(8.81) = 338 kips 


The flexural buckling strength controls. P, = 147 kips 
SN cp i i a a as 


4,8-3 
KL = 0.8(21) = 16, 8 ft 
For a live load-to-dead load ratio of 2.5, 
D+2.5D=175, D=SO0kips, L = 2.5(50) = 125 kips 


(a) Py = 1.2D + 1.6L = 1,2(50) + 1.6(125) = 260.0 kips 
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From the column load tables, a WT9 x 38 has a design strength of 277 kips based on 
buckling about the y axis. 


Use a WT9 x 38 
(b) Pa = 175 kips 


From the column load tables, a WT9 x 38 has an allowable strength of 184 kips based on 
buckling about the y axis. 


Use a WT9 x 38 


ett A MAT TEE AA A AAAS rE bss EAL 


(a) Py = 1.2D+ 1.6L = 1.2(30) + 1.6(70) = 148 kips 
divecis * 33.9 


AISC E4(b) must be used, because this shape is nonslender and is neither a double-angle 
shape nor a tee shape. Check the flexural buckling strength about the y axis (this is the axis 
ofno symmetry for a channe]): 


KyL _ 0,65(12x 12) _ 


F, = —CE_ — 229,000) _ 96 51 ksi 


*KLIry? (103.99 


Pe (29,000 _ 
4.71 F, = 4,7] ae = 13367 


Since KE < 4.71 |-E- , AISC Equation E3-2 applies. 
y 


Fe = 0.6586") Fy = 0,658 362651)(36) = 20, 39 ksi 

Py, = FerAg = 20.39(10.0) = 203. 9 kips 

-P, = 0.90(203.9) = 184 kips> 148 kips (OK) 
Flexural-torsional buckling strength about the x axis (this is the axis of symmetry for a 
channel): ; 


K,L _ 0.65(12 x 12) 
Fs 5.62 
2 
Fy = EE, = E2900) = 1032 ksi 
(KLiry? (16.65) 


2EC 1 
Fe=| 22 eq jb 
| ace : iP 


2 
_ 12(29, 000)(358 + 11,200.01) | 


(0.65 x 12 x 12)? 


= 16.65 


] ‘ 
as ese GS Gk 
moe 
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Fey + Fe: = 1032+ 65.21 = 1097 ksi 


F, = (237) ee ee AF ay Feit 
au (Fey + Fez)” 
_ 1097_| ,_ [ — 4(4032)(65.21)(0.920 ie r 
2(0.920) [ : (1097)? 64. 88 ksi 


To determine which compressive strength equation to use, compare this value of F. with 
0.44F, = 0.44(36) = 15.8 ksi 
Since 64.88 ksi > 15.8 ksi, use AISC Equation E3-2. 
Fp = 0,6580"F Fy = 0,658 656488) (36) = 28. 54 ksi 
Py = FoAg = 28.54(10.0) = 285. 4 kips 
bcPn = 0.90(285.4) = 257 kips > 148 kips (OK) Use a C15 x 33.9 
(b) Pg = D+L = 30+70 = 100 kips 
Try aCl5 x 33.9 


AISC E4(b) must be used, because this shape is nonslender and is neither a double-angle 
shape nor a tee shape. First, check the flexural buckling strength about the y axis (this is the 
axis of no symmetry for a channel). From the LRFD solution in Part (a), 


P, = 203. 9 kips 


Paes 208.9" 2 
Gh = Aap = 122 kips > 100 kips (OK) 


Next, check the flexural-torsional buckling strength about the x axis (this is the axis of 
symmetry for a channel). From the LRFD solution in Part (a), 


Pp, = 285.4 kips 


Po — 285.4 ~ 171 kips>100kips (OK) Use a C15 x 33.9 
GO: > 167 a 


nt 
4,9-1 
With the long leg vertical, the needed properties of a single angle are 
f= 4.02in*, %=0.901in, A= 4.00 in.” 
For the two angles, 


2 
Ee [ 4.02 + 4.00(0.901 +2) | x2 = 17.52 in,4 


= fe 2 [ALS 21,483 = 1.483 
ae 2(4..00) = |, 48 in. ry = 1.48 in. 
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da 
= 
BQ 


i 


X-axis: 


Component A y Ay 7 d I+Ad* 
C10 * 15.3 4.48 0.6340 2.840 2.27 3.598 60.27 
W12 * 26 7.65 6.340 48.50 204 2.108 238.0 


Ss a OY 
Sum 12.13 $1.34 298.3 
_ dwAY _— 51.34 _ 2 say 
YO Ge gage eh I, = 298.3 in. 
a fae ce 12983. = 
Pye oe lo 12.13 4.959 in 


yaxis: Jy = 67.3417.3 = 84,60in4, 7 = BA = [3490 2,641 in 


y2 = 4.23 in, 7, = 4,96 in., ry = 2.64 in. 


49-3 | 
For one angle, A = 7.13 in.*, 7, = J, = 24.1 in.4, % =p = 1.72 in. 
I= (24.1 + 7.13(1.72 + 6/2)?] x 4 = 731.8 in.4, A=7.13*4 = 28. 52 in? 


r= jt = [iol = 5,07 in. ry = ty = 5.07 in. 
4.9-4 
X-AXiS! 
"Segment A y Ay I d I+Ad* 
at eT 
Top fl. 6 0.25 1.5 0,125 6.918 287.3 
Web 6 85 51.0 128 1,332 138.6 
Bot. fl. 3.5. 16.75 58.63 7.292x 10-2 9,582 321.4 
s) 15.5 111.1 747.3 
A 
pz ra = ibd = 7.168 in, 7 = 747.3 ind! 
ry = “2 = [ALS = 6.940, 


praxis: 
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L= =}; (0.5)(12)° + fy (16)/8)? + 5 (0.507) = 86. 36 in. 


iz [86.36 ; , ; 
ty = ry =e = 2, 36 in. ry = 6.94 in., ry = 2.36 in, 


nacre aL ETE LAL SE ALAA ORT 


4.9-§ 
Fy = 42 ksi 
A = 32(27) — 20(15) = 564 in.” 


Imin = Ty = +5 32)(27) 2 = (20)(15)? = 4, 686 x 10° in.3 


a . ffx . |46860 — : 
Fmin = lx * a S64. = 9,115 in. 


KL. 980212) = 12.64 


2 2(29,000) _ »mo1 ye: 
F; sin nk se U3 ( 7 = 
(KLint (12.642 1/71 KS! 


ae 29,000 _ 
4.71 Fs = 4,71 j 22,000 = 123.8 > 12.64 


Fey = 0.6584") Fy = 0.658029) (42) = 41. 59 ksi 
Py = FoAg = 41.59(564) = 2. 346 x 10* kips P, = 23,500 kips 


4,9-6 


From Table 2-4 in Part 2 of the Manual, for A242 steel and 1-in.-thick plate material, 
Fy = 46 ksi. 


A = 2(18) + 16 = 52 in? 


l= V+ Ad? = 2[ <-18)(1)? i 18(8.5)? | + a6)? = 2944 in.4 


_ [i . [BE 27.5043 
ae Be = = 7. 524 in. 


L= 1160)? + 1(18)3(2)] = 973.3 in. 


ry = [2 = p23 = 4, 326 in. 


KwL _ 26x12 _ 
igo "i 524 Se 


=F cath : 
ry 4.396 36, 06 < 41.47 .. x-axis buckling controls. 
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2 
F, = —EB_ = Bic = 166. 4ksi 
(KL/r)? (41.47)? - 


LE / 29,000 
4.71 = 4,7) aa = 118.3 


Since KL/r = 41.47 < 118.3, use AISC Eq. E3-2: 
Fy = 0,6584Fo Fy = 0.658654 (46) = 40, 97 ksi 
Py = ForAg = 40.97(52) = 2130 kips Py = 2130 kips 


4,9-7 
(a) A = 14.4 +2(9/16)(10) = 25. 65 in.? 


e072 +2 + ) (4%)? = 365, 8in4 


2 
I = I+ Ad = 93.4 +2] z-aoyorie) + 10(9/16)( 22496 ) | 


= 407.5 in.4 > 365.8 in.’ .. x axis controls. 


r 3.776 
F, = EE. = 29,000) 45. 34 ksi 
* (KLir)? (79.45)? 


oe = 0,658FHF)F, = 0,658 604534 (50) = 31.51 ksi 
Pn = ForAg = 31.51(25.65) = 808. 2 kips P, = 808 kips 


(bo) AL = SP . 25x12 ~ 181 


F, = ~CE_ ~ 729,000) _ 99 59 ksi 
* (KLiry? (118.1)? 


[Ee | 29,000 
4.7] F, = 4,7) 36 = 113.4 < 118.1 


“Foy = 0.877F, = 0.877(20.52) = 18. 00 ksi 
Py, = FoAg = 18.00(14.4) = 259. 2 kips 
% difference = B08 2 402.2 x 100 = 211.8 Increase = 212% 
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Component shapes 


ry 


| 


4r 4(0.6) 
13% 3x 
pea 
___. ae = 0.2546" 
37 
Components for fillet 
Location of centroid and moment of inertia about the x axis: 

Component A y Ay 7 d 
flange 11.99 0.4025 4,826 0.6477 1.051 
square 0.3600 1.105 0.3978 0.01080 0.3480 

Y%, circle -0.2827 1.150 -0.3251 -0.007112 0.3030 
square 0.3600 1.105 0.3978 0.01080 0.3480 
% circle -0.2827 1.150 -0.3251 -0.007112 0.3030 
web 5.067 3.953 20.03 16.73 -2,500 
Sum 17.21 25.00 
p= so Be =1.453in. i = 62.33 in. 


Moment of inertia about the y axis: 
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0.6 — 0.2546 = 0.3454" 


= 0.2546" 


1+ Ad? 
13.89 
0.05440 
-0.03307 
0.05440 
-0.03307 
48.40 
62.33 


Component A IT d I+ Ad* 
flange 11.99 221.9 0 2219 
square 0.3600 0.01080 0.7025 0.18846 

% circle -0.2827 = -0.007112 0.7479 -0.16524 
square 0.3600 0.01080 0.7025 0.18846 
Yacircle  -0.2827 = -0.007112 0.7479 -0.16524 


web 5.067 0.2736 0 0.2736 
Sum 1724 222.2 


I, = 222.2 in.* > 62.33 in.* .. x axis controls, 


= je 1 6233 x 
a vy Lay 1, 903 in. 


KZ. 10x12 = 63. 06 


r 1.903 
2 m*(29, 000) 
F,= aE a EN a 
: (KL/r)? (63.06)? peeh 


ya 29,000 _ 
4.71 F 4,7] a ae = 113.4 > 63.06 


. Fe = 0.6584") Fy = 0,658607'98 (50) = 37, 39 ksi 
Py = FoAg = 37.39(17.21) = 643 kips P, = 643 kips 


9-9 


A = 4(6.94) = 27. 76 in. 


2 
== Sl+ Ad? — 7+6,94( 48 ~ 1.52) |= 1616 in.! 


te > P50 
2 2(29, 000) 
F,=—E#=+5 = 128.6 ks 
(KLiry? (47.18)? ms 


mae 29,000 _ 
4.71 F, =4,71 | 50 113.4 > 47.18 


o. For = 0.6585 FF, = 0,658 60128.)(5Q) = 42. 49 ksi 
Py = ForAg = 42.49(27.76) = 1180 kips 
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(a) $-Px = 0.90(1180) = 1060 kips $-Pn = 1060 kips 
(b) P,/Q_ = 1180/1.67 = 707 kips P/Q. = 707 kips 


4,9-10 
Check width-thickness ratio. From AISC B4 (see also Figure 4.9 in textbook), 


2. na = 9.6 < 10.84 .. this is not a slender shape. 


Flexural buckling strength about the x axis (this is the axis of no symmetry): 


AL — 18x12 ~ 114 
a “TR 114.3 


pe ss ae _ 2°(29,000) _ 4, 1 ksi 
(KLiry) (114.3)? eee 


E2471 [29,000 _ 
4.71 Ie =4.71/“ao— = 113.4 < 114.3 


. For = 0.877F, = 0.877(21.91) = 19, 22 ksi 


é 


Py = Fordg = 19.22(11.7) = 224. 9 kips 


For flexural-torsional buckling strength about the y axis (the axis of symmetry), assume 
fully-tensioned bolts: 


(AE) = SE = 4882 = 130.1 


1.66 
q= 18x . 72 in. 
3 spaces 
ys Seppe 1 eee = 
ry 0/850 83. 82 < 0.75(130.1) = 97. 58 (OK) 


rip = Fy = 1.13 in. 


h = 2(1,03) +2 = 2. 435 in. 


8 

_ hb. 2,435 | 
Oe Baise Os 13) saad 

KES. x PEL a2 a_\? 

(44) = r ), 70.82 t oy ie) 

2 2 
= |(130. * 0.82) 1077 IG £146: 
[(130. 1)? + 0.82 exeRray. (=2,)° = 136.8 
2 

F, = —@E_ = 729,000) © 15 29 ksi 


~ (KL? (136.8)? 
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Ek = 
4.7} F, 4.7] 50 113.4 < 136.8 


Fey = 0.877F, = 0.877015,.29) = 13.41 ksi 


x = 159.5 ksi 
AF? 11.7(3.05)2 ° 


Foy + Fore = 13,41 + 159.5 = 172.9 ksi 
Fa = (ate | ieee 3 ees Shaya 
2H (Fery + Fez)” 


ano |, aC ADS. 50.084) ] | . 
ok \! (172.972 ] = 9.044 


Py = FeAg = 13.04(11.7) = 152. 6 kips 
Since 152.6 kips < 224.9 kips, flexural-torsional buckling controls and P, = 152.6 kips 
Available strength for LRFD = ¢,P, = 0,90(152.6) = 137.3 kips. bcPn = 137 kips 
Available strength for ASD = P,/Q. = 152.6/1.67 = 91.38kips.  P,/Q, = 91.4 kips 


49-11 
K,L = KyL = 0.65(16) = 10.4 ft 
(a) Py = 1.2D+1.6Z = 1.2(33) + 1.6(100) = 200 kips 
From the column load tables, 
Try 2L6 x 4 x % LLBB: d-P, > 206 kips (y axis controls), w = 32.3 Ib/ft 


Determine the number of intermediate connectors. To obtain the tabulated strength for the y 
axis, 2 connectors must be used. Also, from AISC E6.2, 


Ka < 3 KL 

ri ~ 4 F 

= eee 1: tee 0 

a = spacing =~" 

r=, =0.864in, AG = ——loxl2__ 


ri (n+ 1)(0.864) 
For the member, use the maximum slenderness ratio: 


ton tees oT 


CESAR < 3 (16. 10) = n> 2.9, use 3, 
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Use 2L6 x 4 x % LLBB with 3 intermediate connectors 
(b) Pa = D+L = 33+100 = 133 kips 
From the column load tables, Try 2L6 x 4 x % LLBB: 


Fa. > 137 kips (y axis controls), w = 32.6 lb/ft 


From Part (a), 3 intermediate connectors are required. 


Use 2L6 x 4 x % LLBB with 3 intermediate connectors 


4,9-12 


Hg 11 x 12 = 66 kips 


2 2 
Consider the joint at the right support: 


Reaction = 


F 6 = arctan(9/54) = 9.462° 


a, 


(paee 


Fy = 66 - Fsin(9.462°) = 0 => F = 401 kips 
(This is the maximum force in the top chord.) 


K,L = KyL = = 9,124 ft. 


9 
cos(9. 462 °) 
From the column load tables, for KZ = 9.124 ft, 

Try 2L8 x 6 x 4 SLBB, b-Pn > 424 kips (x axis controls), w = 57.3 lb/ft 


Determine the number of intermediate connectors. To obtain the tabulated strength for the y 
axis, 3 connectors must be used. Also, from AISC E6.2, 


Ka < 3 KL 
ri —~ 4 F 
a = spacing = 2-124x 12 


n+l 


Ka . 9.124x12 
ri (n+ 1)0.29) 


For the member, use the maximum slenderness ratio: 
KL . Keb — 9.124x12 _ 
art aa 61. 86 


r= Fr, = 1.29 in, 


Pe 


r Fy 
Ka 3 KL 
For 7 ar 


[4-41] 


9.124 x 12 < 2.(61.86) 


(r+ 11.29) = 4 = n> 0.829, 1 required for the x axis. 


Use 2L8 x 6 x + SLBB with 3 intermediate connectors 


[4-42] 


CHAPTER 5 - BEAMS 


§,2-1 
(a) Flange area = 0.5(7.5) = 3. 75 in.? Half web area = (3/8)(8.5) = 3. 188 in.? 


From mid-depth of the cross section, 


__ 3,75(8.5 +0.25) + 3.188(8.5/2) _ 
ae 375 + 3.188 = 6. 682 in. 
Z 


4 ea = (3.75 + 3.188)(2 x 6.682) = 92.72 in.3 


My = FyZ = 50(92.72) = 4636 in-kips = 386 ft-kips 


Z = 92.7 in, Mp = 386 ft-kips 
(b) Moment of inertia: 


Component A J d  [+4Ad? 
top fl 3.75 0.07813. 8.750 =. 287.2 
web 6.00 154 0.000 154.0 
bot £1 3.75. 0.07813. 8.750 =. 287.2 
Sum 13.50 | 728.4 


ee ae. ee : 
S= f= OBA. = 80.93 in.? 
M, = F,S = 50(80.93) = 4047 in.-kips = 337 ft-kips 


S = 80.9 in.3, My = 337 ft-kips 


(a) Area above PNA = Area below PNA 
12(1/2) + (p — 1/2)(3/8) = (1/2 + 16 — §)(3/8) + 7014/2) = py = 5.167 
p = 5.17 in. 


(b) To locate centroids of areas, take moments about plastic neutral axis. For area above 
PNA, 


Component A y Ay 
top fl 6.000 4.917 29.50 
web 1.750 2.334 4.085 
Sum 7.750 33,59 
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a” 9750 
For area below PNA, 
Component A y Ay 
bot. fl 3.500 11.58 40.53 
web 4.250 5.667 24.08 
Sum 7,750 64.61 


Plastic moment: 
M, = C x moment arm = 7 x moment arm 
= AF y(¥, +92) = 7.750(50)(4. 334 + 8.337) 
= 387.5(12.67) = 4910 in.-kips = 409 ft-kips Mp, = 409 ft-kips 


(c) Because of symmetry, X; = X, 


Component A y Ay 


top fl 3.000 3,000 9.000 
web 3.000 0.09380 0.2814 
bot. fl 1.750 1.750 3.0625 
Sum 7.750 12.34 


DAX _ 12.34 1 599 


BRE Seg F150 


Zy = Ae +H.) = 7.750(1.592 + 1.592) = 24. 68 in? Zy = 24.7 in? 


5,2-3 
For the centroid of half of a W18 x 50, use the centroid of a WT9 x 25: 
a= d—2(2,12) = 18.00 -2(2.12) = 13. 76 in, 


ise VAL f “3 - 4 
Z, = 4e ( ; ) (3.76) 101.1 in. Z, = 101 in. 
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5.2-4 
For the centroid of half of an $10 x 35, use the centroid of aST5 x 17.5: 
a = d~2(1.56) = 10.0 —2(1.56) = 6. 880 in. 


Fs 4a = (49.3. } (6.880) = 35,43 in3 Zoe 15 Hin? 


5.4-1 


(a) The flange is noncompact for flexure when 
fez <b [£ 
0.38 |= < 21.0 |= 
Fy 2ty Fy 
{ 29,000 br 29,000 br 
0.38 Sey 2ty < 1.0 are > 8.35 < ty < 22.0 


The following shapes meet these criteria and are noncompact for Fy = 60 ksi: 


W30 x 90, W24 x 104, W21 x 48, W14 x 109, W14 x 99, W14 x 90, W14 x 30, 
W12 x 72, W12 x 65, W12 x 53, W12 x 26, W12 x 14, W10 x 49, W10 x 33, 
W10 x 12, W8 x 31, W8 x 10, W6 x 15, W6 x 9, W6 x 8.5, M12 x 10, M4 x 6, 
M4 x 3.45,M4 x 3.2, and M3 x 2.9 


The web is noncompact for flexure when 
[Be Is jz. 
0.376 F <= < 5.70 F, 
29,000 — A ; 29,000 Ah 
0.376 age Spe <= 5.70 aay ki > 82.7 < i, s 125 


No shapes are noncompact because of the web. 


(b) The flange is slender for flexure when Jt 5 1.0 j£. =22.0 
bw 


and the web is slender when h > 5.70 |-#- 2125 
y 


No W, M, or S shapes in Part 1 of the Manual are slender. 


5.4-2 


(a) The flange is noncompact for flexure when 


Wea E 
0.38 e <p < 1.0 I 
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79,000 by 29, 000 bp 
0.38) “ze a Sy a 2 803< 5h 21.1 


The following shapes meet these criteria and are noncompact for Fy, = 65 ksi: 
W30 x 90, W24 x 104, W21 x 48, W18 x 76, W16 x 36, W14 x 109, W14 x 99, 
W14 x 90, W14 x 30, W12 x 79, W12 x 72, W12 x 65, W12 x 53, W12 x 26, 
Wi2 x 14, W10 x 54, W10 x 49, W10 x 33, W10 x 12, W8 x 35, W8 x 31, 


Wi8 x 24, W8 x 10, W6 x 20, W6 x 15, W6 x 9, W6 x 8.5, M12.5 x 12.4, 


M12.5 x 11.6, M12 x 10, M4 x 6, M4 x 3.45,M4 x 3.2, and M3 x 2,9 


The web is noncompact for flexure when 


E h E 
3.76 Fan sae 5.70 ie 
[29,000 — 2h 25,000 i 
3.76 ae < i < 5.70 Sea > T9.4 < re < 120 


No shapes are noncompact because of the web. 


(b) The flange is slender for flexure when PE et 221.1 


and the web is slender when AL > 5.70 2 120 
by Fy 


No W, M, or S shapes in Part 1 of the Manual are slender. 
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Flange: maximum oe = 11.0 for an M4 x 6 


Let 11.9= 1.0/2 = 10/2208 Fy = 205 ksi 
¥ Rs 


Web: maximum f. = 74.8 for both an M12.5 x 12.4 and an M12.5 x 11.6 
yw 


Let 74.8 = 5.7/2 = 5.7 | 29,000 — Fy = 168 ksi (controls) 
* y 


Fy = 168 ksi 
M12.5 x 12.4 and M12.5 x 11.6 


Conclusion: No W, M, or § shape in the Manual is slender for any of the steels listed in 
Tabie 2-3 of the Manual 


5.5-1 
Check for compactness. From Part | of the Manual, 


OF x 
My 5.86 


0,38 /£ = 0.38 [#2000 = 9.15 > 5.86 the flange is compact. 
» 


(This shape can also be identified as compact because there is no footnote in the dimensions 
and properties tables to indicate otherwise.) 


_ <3. 6 (for all shapes in the Manual! for F < 65 ksi), so the web is 
compact. 
”. a W16 x 31 is compact for Fy = 50 ksi. 
Because the beam is compact and laterally supported, the nominal flexural strength is 
My, = My = FyZx = 50(97.6) = 4880 in.-kips = 406.7 ft kips 
(a) Let M, = dsMn : 
1.200.077)G0" + 1:8FCO ~ 9,90(406.7), Solution is: {P = 29. 64} 


P = 29.6 kips 
_ Mn . 
(b) Let Ma = “G* : 
2 
0.0730)" 4 G0) Ge = Ane. Solution is: <P = 31.32} P = 31.3 kips 
55-2 


Check for compactness. From Part | of the Manual, 


oy ae 
M, 7.11 


0.38 [4 = 0.38] ae =9.15> 7.11 .. the flange is compact. 
y 


(This shape can also be identified as compact because there is no footnote in the dimensions 
and properties tables to indicate otherwise.) 


a < 3.76 |-4- (for all shapes in the Manual for F, < 65 ksi), so the web is 
Ww ¥ 

compact. 

“, a W40 x 149 is compact for Fy = 50 ksi. 


Because the beam is compact and laterally supported, the nominal flexural strength is 
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M, = Mp = FyZ, = 50(598) = 2.99 x 104 in.-kips = 2492 ft kips 
(a) Let My = 63M, : 

alo)" = 0,90(2492), Solution is: {wy = 19. 94} 

1.2wp + 1.6(2wp) = 19.94, Solution is: {wp = 4. 532} 

wp + wz, = 4.532 + 2(4.532) = 13. 60 kips/tt 


If the beam weight is deducted, the maximum service load is 


13.60 ~ 0.149 = 13. 4 kips/ft w = 13.4 kips/ft in addition to the beam weight 
(b) Let My = “ 
2 
eal = SWE Solution is: {wg = 13.26} 


If the beam weight is deducted, the maximum service load is 


13,26 —0.149 = 13.1 kips/ft = 13.1 kips/ft in addition to the beam weight 


5.5-3 


Verify that this shape is compact. For the flange, 
Ap = 0.38 jails 6. SYie He = 6.89 < Ap -. flange is compact 


For the web, 4p = 3.76/27" = 90.6, = A = 49.6 < Ap ~. web is compact, 


and the shape is compact. 


50(346) 
12 


(a) Load combination 2 controls: 
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1.2(40) = 48 k 


as ee (es 
| 


|, 1.21.0) + 1.6(2.0) = 4.4 k/ft 
(e: 


Design strength = ¢,Mé, = 0.90(1442) = 1298 ft-kips 
M, = 118(15.91) — 4.4(15.91)?/2 ~ 48(0.9091) 
= 1277 ft-kips < 1298 ft-kips (OK) A W30 x 108 is adequate. 
(b) ASD load combination 2 controls: 


40k 


40k 


~75k 
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— Mn — 1442 _ kG 
Allowable strength = O; Tey = 864 ft-kips 


Ma = 85(15) — 3(15)?/2 = 938 ft-kips > 864 ft-kips  (N.G.) 
A W30 x 108 is not adequate. 
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Verify that this shape is compact. For the flange, 


7 [29, 000 _ 2. Be : : 
Ap = 9.38 ay 9:15, A= 2 6.31 <A, .. flange is compact 


a < 3.76 | B (for all shapes in the Manual for F, < 65 ksi), so the web is 
w ¥ 


compact, and the shape is compact. 


(a) wy = 1.2D+ 1.6L = 1.2(3) + 1.6@) = 8. 4 kips/ft 


8.4 k/ft 
Eada | 
-c.ore 18'-0" ¥ | ¢ 6-0" 
126k 126k 
75.6k 
-50.4k 


Maximum negative M, = —8.4(6)7/2 = — 151 ft-kips 

Maximum positive M,, =—8.4(15)?/2 + 126(9) = 189 ft-kips 
Compute the design strength: bsMn = OsFyZz = 0.9(50)(51.2)/12 = 192 ft-kips 
Since M, = 189 ft-kips < 6,M, = 192 ft-kips, a W12 x 35 is adequate. 
(b) Wa = D+L = 6 kips/ft 
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| bdo J 


hd 
+60" B | 18'-O" 6.0" 
90 k 90 k 
54k 
-36k 


Maximum negative M, = -6(6)7/2 = — 108 ft-kips 
Maximum positive M, = -6(15)?/2 + 90(9) = 135 ft-kips 


My L Pyp2e _ 5051.2) _ | ass 
Compute the allowable strength: O; Oo: 1.67(12) 28 ft-kips 


Since M, = 135 ft-kips > 


on = 128 ft-kips, a W12 x 35 is not adequate. 


5.5-5 


Verify that this shape is compact. For the flange, 


Ap = 0.38 ere = 9.15, A= oe = 5.44< Ap, .. flange is compact 


h 23.76 | & (for all shapes in the Manual for Fy < 65 ksi), so the web is 
y 


ty 


compact, and the shape is compact. 


My = FyZ, = 220222 = 512.5 ftekips 


(a) Factored loads, including beam weight: 


1.2(0.060) = 0.072 kips/ft,  1.6(12) = 19.2kips, —1.6(8) = 12. 8 kips 


[5-9] 


nae 12.8k 12.8k 


0.072 k/ft 


Avy bv by vv D 


B C 
| | 


28+} 28+ — 28) 


19.2k 


0.072 k/ft 


12.8 k 12.8k 
10.61 
: k | | | 0.072 k/ft 


hy be bY | 
B a P 
Ro 


Reaction at C : 
>) Mp = ~10.61(56) — 12. 8(42) — 12.8(14) + Rce(28) — 0.072(56)?/2 = 0 


Rc = 50.85 kips 


Shear diagram: 
25.43 k 24.42 k 


-25,42 k 


Maximum moment occurs at C. Using the free-body diagram of BCD, 
Mc = ~10.61(28) ~ 12.8(14) - 0.072(28)*/2 = — 505 ft-kips 
Design strength = 6,M, = 0.90(512.5) = 461 ft-kips 
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M, = 505 ft-kips > 64M, = 461 ft-kips (N.G.) A W18 x 60 is not adequate. 


(b) Service loads: 


8 kk 8k 


Reaction atC : 
¥ Mp = —6.84(56) — 8(42) ~ 8(14) + Rc (28) - 0.060(56)7/2 = 0 
Rc = 33.04 kips 
Shear diagram: 
16.52 k 15.68 k 


-7,68 k 
-15,68 k -16.52 k 


Maximum moment occurs at C. Refer to the free-body diagram of BCD. 
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Ma = Mc = ~6.84(28) ~ 8(14) — 0.060(28)*/2 = - 327 ft-kips 


aMy 2. 5125 *. oe 
Allowable strength = O, 7 1 307 ft-kips 


Ma = 327 ft-kips > 307 ft-kips (N.G.) A W18 x 60 is not adequate. 


(a) Fora W12 x 30, A = 8.79 in.*, d = 12.3 in, ty = 0.440 in., Sy = 38.6 in.?, J, = 20.3 
in.4, ry = 1.52 in., J = 0.457 in.*, Cw = 720 in. 


29,000 


eq 64. 43 in. = 5.37 ft. 


Ly = 1.76r, # = 1,76(1.52) 
y 


The following terms will be needed in the computation of L, : 


Cx _ 20. 20 
Pe es te 3(720) 3. 132 in.2 


Ce Be ORG 
hs = ¥3.132 = 1.770 in. 


(r;: can also be found in the dimensions and properties tables. For a W12 x 30, it is given as 
1.77 in.) 


he = d= ty = 12.3 — 0,440 = 11. 86 in. 


(Ao can also be found in the dimensions and properties tables. For a W12 x 30, it is given as 
11.9 in.) 


For a doubly-symmetric I-shape, ¢ = 1.0. From AISC Equation F2-6, 


Lr = 1. 95ra5 He ie. fis free 2265s)” 1 + 6.76( oles | 


29,000 [0.457(1.0) 0.7(50)(38. 6)(11. 86 y 
1.95(1.769) 07 esoy 4 38. 6(11.86) | + 6.76| ~39 900(0.457)(1.0) 


= 187.2 in. = 15. 6 ft 


Lp = 5.37 ft, L, = 15.6 ft 
(b) Verify that this shape is compact. For the flange, 


[29,000 000 ot OR. ‘ ‘ 
Ap = 0.38 % = 9.15, A= dt 7.41 < Ap .. flange is compact 


For the web, Ay = 3.76 29,000. 


and the shape is compact. (Also, there is no footnote in the dimensions and properties table 
to indicate otherwise.) 


= 90.6, A= aa8<ry . web is compact, 
bw 


[5-12] 


For L, = 10 ft, Zp < Ly < Ly, so 


M, = Col My -—(M, - 0.7FS:)/ = = ) | < Mp (inelastic LTB) 


My = FyZy = 50(43.1) = 2155 in-kips 
M, = 1.0[ 2155 ~ (2155 - 0.7 x 50 x 38, 6)(710=5.37. ) | = 1791 in.-kips <M, 


15.6 ~ 5.37 
ooM, = 0.9(1791) = 1612 in.-kips = 134 ft-kips 65M, = 134 ft-kips 
My _ 171M2 2 ki Mn ki 
(c) a ter 89.4 ft-kips OQ; 89.4 ft-kips 


me ecpey—saencr itt 


5.5-7 


Verify that this shape is compact. For the flange, 
Ap = 0.38 | 22,000 =9.15,  2= Ph = 5,01 < Ap ~. flange is compact 
f 


Forthe web, Zp = 3.76] 722009 = 90.6, a= fb = 44.6 < dp ~. web is compact, 


Ww 
and the shape is compact. (Also, there is no footnote in the dimensions and properties table 
to indicate otherwise.) 


Fora W18 x 46, A = 13.5 in.?, d= 18.1in, i, = 0.605 in., Sy = 78.8 in.?, I, = 22.5 in.*, 
ry 21,29 in. J = 1.22 in.4, Cy = 1720 in.® 


29, 000 


Lp = 1. T6ry | = 1.76(1.29) | 35 


Fr = 54, 68 in. =4.557 ft. 


The following terms will be needed in the computation of L, : 


JC {22.5(172 
2 partied 422.5(1720) = 2, 496 in? 


rs = ea 


Sx 78.8 
Ni = 42.496 


(rz can also be found in the dimensions and properties tables. For a W18 x 46, it is given as 
1.58 in.) 


ho = d-ty = 18.1~0.605 = 17.50 in. 


1, 580 in. 


tt 


(ho can also be found in the dimensions and properties tables. Fora W18 x 46, it is given as 
17.5 in.) 


For a doubly-symmetric I-shape, c = 1.0. From AISC Equation F2-6, 


: E Te 0.7F Sho , 
Ly = 1.95 5a Kae ha [1 + 6.76{ See 
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- 29,000 [1a | fi-+6-ro( 22tsm07e.07.50 8)(17, [i +6.7o( 2, 250078.07.50 
= L.95(1. 580) 55 csoy f 78-8017-50) fit yt © 76( 29, 000(1.22)(1.0) 


= 164.4 in. = 13.70 ft 
For Ly = 10 ft, Lp < Ly < Ly, so 


My, = Cal M, ~ (My - 0.7F,8:)( = | ] <M, (inelastic LTB) 
ae 


Mp = FyZ, = 50(90.7) = 4535 in.-kips = 378 fi-kips 


My = 1.0[ 4535 ~ (4535 ~ 0.7 x 50 x 78.8){ 704.557 )] 


= 3477 in.-kips = 290 ft-kips <M, M,, = 290 ft-kips 


5.5-8 


Verify that this shape is compact. For the flange, 


= [29,000 _ Be Ot ; 
Ap = 0.38 eg 8. 03, A= 24 4.71 <A, .. flange is compact 


For the web, 2p = 3.76/22 = 79.4, A= b= 32.4 < Ay -. web is compact, 


and the shape is compact. 
For a W18 x 71, A = 20.8 in.?, d = 18.5 in, t = 0.810 in, Sy = 127 in.3, Z, = 146 i 
I, = 60.3 in.*, ry = 1.70 in. ry = 2.05 in, Ao = 17.7 in, J = 3.49 in.4, Cy = 4700 in’ 


Lp = 1.76ry |B = 1.76(1.70) J 20% = 63. 20 in. = 5.267 ft 
¥ 


The following terms will be needed in the computation of L, 


»  abCy —_{60.3(4700) 


a 127 
= J4.192 = 2.047 in. 


(ris can also be found in the dimensions and properties tables. For a W18 x 71, it is given as 
2.05 in.) 


ho = d—te = 18.5-0.810 = 17. 69 in. 


= 4,192 in? 


(A, can also be found in the dimensions and properties tables, For a W18 x 71, it is given as 
17.7 in.) 


For a doubly-symmetric I-shape, c = 1.0. From AISC Equation F2-6, 


¥, = LS Ge [=e 1+ 1 + 6.76{ 1+ 6.76( 2 teats 
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_ 29,000 {| 3.49(1.0) ; ; ( 2.2(65)2707.2 
ee AD) 0.7(65) ¥ 127(17.69) \' ees _ 29,000(3.49)(1.0) 
= 195.7 in. = 16.31 ft 


Ly -Lp 
L,~ Lp 


Mp = FyZy = 65(146) = 9490 in.-kips = 791 ft-kips 


; eee __9=5.267 _ 
M, = 1.0[ 9490 (9490 0.7.x 65 x 127)( =25226Fe- ) | 


= 8235 in.-kips = 686 ft-kips <M, M,, = 686 ft-kips 


§.5-9 


(a) Ra = Ra = 200 = 150 kips 


Use lower-case subscripts to identify moments at the quarter points of the unbraced length: 
Ma = M, = 150(5) = 750 ft-kips 
My, = 150(10) = 1500 ft-kips = Mimax 

12. 5Mmax 


et acid io 9 |: ”, 
Cb = FSina + 3My + 4M; + 3Me 
_ 12.5(1500 _ _ 
~ 975(1500) + 3(750) + 4(1500) + 3(750) mole Cy = 1.32 
(b) Ra = Rp = 300+0.182 — 150.1 ft-kips 
M, = M; = 150.1(5) = 750. 5 ft-kips 
M, = 150.1(10) = 1501 ft-kips = Mimax 
Bis 12.5Minox 
2.5Minex + 3Ma + 4M, + 3M. 
a 12.5(1501 _ _ 
~ 9,5(1501) + 3(750.5) + 4(1501) + 3(750.5) Eel? Cys 132 
ign cp cE i ee le aah ese ee 
5,5-10 


(a) Using service loads, 
Ry = Rp = 390. = 150 ft-kips 


Use lower-case letters to identify moments: 
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M, = 150(2.5) = 375 ft-kips 
Mz = 150(5) = 750 fi-kips 

M. = 150(7.5) = 1125 fi-kips 
Mmax = 150(10) = 1500 ft-kips 


: 12. SMaax 


za 12.5(1500) i : 
* 351500) + 3(375) + 4(750) + 3(d1a8) = 1 88? Co= 1.67 


(b) Using factored loads, 
P, = 1.6(300) = 480.0 kips 
Ra = Rp = 480. = 240 fi-kips 


Cs 


Use lower-case letters to identify moments: 
M, = 240(2.5) = 600 ft-kips 
M, = 240(5) = 1200 ft-kips 
M, = 240(7.5) = 1800 ft-kips 
Mmax = 240(10) = 2400 ft-kips 


Bane conse ISM ae: 
? 2.5Mmax +3Ma + 4M, + 3M, 
= 12. 5(2400 _ _ 
~ 3°5(2400) + 3(600) + 4(1200) + 301800) ~ 1°87 Co= 1.67 


ee a rg Pil a teh 2 gg 
5.5-11 
1.7 kips, Py = Skips. wp = 0.5 kips/ft, wz = 0.9 kips/ft 


a) 
S) 
Ik 


=1.7+5=6.7kips. wa =0.5+0.9 = 1. 4kips/ft 


£ 
hy 
g 

i 
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4 spaces 
26.41 k ee en 29.29 k 


==] 5! 


[$18.86 ———+ 


- 29.29 k 
Mrax = 26.41(18. 86) — 1.4(18.86)7/2 = 249. 1 ft-kips 
My, = 26.41(13.75) — LAU3.75)712 = 230. 8 ft-kips 
Mp = 26.41(17.5) ~ 1.4(17.5)2/2 = 247. 8 fi-kips 
Mc = 26.41(21.25) - 1.4(21.25)7/2 = 245. | ft-kips 
C= SST a ae 
12.5(249.1 =e Cpe 1.02 


~ 3,5(249.1) + 3(230.8) + 4(247. 8) + 3(245. 1) 
(b) Py = 1.2(1.7) + 1.6(5) = 10. 04 kips 
w, = 1.2(0.5) + 1.6(0.9) = 2. 040 kips/ft 
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P= 10.04k 


| w= 2.04 k/ft 


a on 
7 spaces 
38.57 k aaa 3 “—10 42.87 k 
38.57 k 


- 42.87 k 
Mmax = 38.57(18.91) ~2.04(18,91)2/2 = 364. 6 ft-kips 
Mg = 38.57(13.75) — 2.04(13.75)?/2 = 337. 5 ft-kips 
Mg = 38.57(17.5) — 2.04(17.5)2/2 = 362. 6 ft-kips 
Mc = 38.57(21.25) —2.04(21.25)?/2 = 359.0 ft-kips 
ie 12. 5SMinax 
> 2.5 Mmm + 3M + 4Mg + 3c 
12, 5(364.6) 
=1.0 
~ 9, 5(364.6) + 3(337.5) + 4(362.6) 4.30359.0) 194 ciekve 
55-12 


First, determine the nominal flexural strength. Verify that this shape is compact. For the 
flange, 


im [29,000 _ bf _ 
Ap = 0.38 50 =9.15, A= TPs 6.04 <A, .. flange is compact 


For the web, Ap = 3.76 [22,500 = 90.6, a= 2 = 43.6 <a, ©. web is compact, 


and the shape is compact. (Also, there is no footnote in aie dimensions and properties table 
to indicate otherwise.) 


For a W21 x 68, A = 20.0 in.?, d = 21.1 in, tp = 0.685 in., S, = 140 in.?, Z, = 160 in.3, 
Jy = 64.7 in.4, ry = 1.80 in, rs = 2.17 in., Ao = 20.4 in, J = 2.45 in.*, Cy = 6760 in.® 


[5-18] 


Lp = 1.76ry |-B- = 1,76(1.80) 2000 76. 30 in, = 6.358 fi 
Na 


For a doubly-symmetric I-shape, c = 1.0. From AISC Equation F2-6, 


_ E 5 ae | 0.7F Sxho ) 

Lp 1.95 aR SA, 1+ /1 + 6.76( sa ead 
5 29,000 [2450.0) |, , | ( 9.7150)(140)020.4 y 
= 1.95.11) 9a ¢s9y  $40(20.4) ¥ "7 1+ 6.78\ 39 900(2.45)(1.0) 


= 224.8 in. = 18. 73 ft 


Lateral support is provided at intervals of 50/10 = 5.0 ft, (at the fifth points). From Table 
3-1 in Part 3 of the Manual, Cp = 1.0. 


For Ly = 10 ft, Lp < Ly < Lr, so 


M, = cil M; (ia 0.7F/S)( o = Z } | <M, (inelastic LTB) 


M, = F,Z, = 50(160) = 8000 in.-kips 
Mom 1.0] 8000 ~ (8000 — 0.7 x 50 x 140) (=9= 6.358 ) |. 
= 7078 in.-kips = 589.8 ft-kips 
(a) Let My = Mn : 
walS0)" ~ 0,90(589.8), Solution is: {wy = 1. 699} 
1. 2wp + 1.6w, = 1.2(0.068) + 1.6wz = 1.669, Solution is: {w, = 0.9921} 
wr = 0.992 kips/ft 


(b) Let M, = “& : 


QQ» 
2 
waS0)” _ 589.8 Solution is: {wg = 1. 130} 
8 1.67 
If the beam weight is deducted, the maximum service load is 
1.130 — 0.068 = 1. 06 kips/ft w, = 1.06 kips/ft 


peer nertheesnttnnrrnnretinesinsnrretteAeA Tt eteetN 
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Verify that this shape is compact. For the flange, 


Ae =0.38 {22,000 OTs. ° Bie ae = 6.57 < hy ~. flange is compact 
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For the web, Ap = 3.76 jae = 90.6, A= jh = 39.6 <A, .*. web is compact, 


w 
and the shape is compact. (Also, there is no footnote in the dimensions and properties table 
to indicate otherwise.) 


For a W14 x 38, A = 11.2 in, d= 14.1 in, tr = 0.515 in, S, = 54.6 ins dy = 26.7 ma, 
ry = 1,55 in., J = 0.798 in.4, Cy = 1230 in.é 


29,000 


Ly = 1.76ry |-#- = 1.76(1.55) O = 65.70 in, = 5.475 ft, 
P > F, 50 


The following terms will be needed in the computation of L, : 


2 Cv —_f26.771230) 
oo 


Ms = 54.6 
= /3.319 = 1. 822 in, 


(ris can also be found in the dimensions and properties tables. For a W14 x 38, it is given as 
1.82 in.) 


ho = d~tp= 14.1 -—0,.515 = 13.59 in. 


= 3,319 in? 


(4, can also be found in the dimensions and properties tables, For a W14 x 38, it is given as 
13.6 in.) 


For a doubly-symmetric I-shape, c = 1.0. From AISC Equation F2-6, 


a7 1+ 6.76( 22a \? 
i” 1 Sra “- 1+ 1+ 6.76( 22a \? 


29,000 0, 758(1.0) 0.7(50)(34,6)(13. 59 
1 99(1-822) 9750) f 34.6(13.59) 4) tf! * 76 35 o00¢0-798)(1. 0) 


= 195.1 in. = 16. 26 ft 
. The unbraced length is14 ft. For L; = 14 ft, Lp < Ly < Ly, so 


Ly-Lp } <M, (inelastic LTB) 
Ly - Ly 


From Figure 5.15, Cy = 1.32 
My, = FyZ, = 50(61.5) = 3075 in.-kips = 256 ft-kips 


; aed —14= 5.475 _ 
M, = 1.32 3075 (3075 — 0.7 x 50 x 54.6)( 16.26 — 5.475 ) | 


= 2844 in.-kips = 237.0 ft-kips <M, 
(a) LRFD solution: 
¢,M, = 0.90(237.0) = 213 ft-kips 


My = Lwil? + eh = 101.2. 0.038)(14)? + L6OMdy), 
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= 169 ft-kips < 213 ft-kips | (OK) W14 x 38 is adequate. 


(b) ASD solution: 
Mn . 232.0 — 141.9 ft-kips 


Qs 167 
Ma = Lwel? + Pek = 1.(0.038)(14)" + PC? 
8 4 4 
= 106 ft-kips < 142 ft-kips | (OK) W14 x 38 is adequate. 


meee ns rer recent temmamerernenASTR ene A A LT tN TEE HOH 


55-14. 
All channel shapes in the Manual are compact (there are no footnotes to indicate otherwise). 


For an MC18 x 58, A = 17.1 in, d= 18.0in., ty = 0.625 in., ry = 1.35 in., Ao = 17.4 
in,, S, = 75.0 in.3, Z = 95.4 in.?, J, = 17.6 int, ry = 1.02 in., J = 2.81 ihc Cy; =" 1070 
+ 6 
in, 

29,000 


Ly = 1.76ry 1 = 1.76(1.02) |e = 50.95 in. = 4.246 ft 
a 


The following terms will be needed in the computation of L, : 


nes Cw wae 
2. 417.6(1070) | = 1. 830 in 


Ms 5, 75.0 
rg = (1.830 = 1.353 in. 


(r;; can also be found in the dimensions and properties tables. For an MC18 x 58, it is given 
as 1.35 in.) 


ho = d-tr = 18.0 - 0.625 = 17, 38 in. 


(A, can also be found in the dimensions and properties tables. For an MC18 x 58, it is given 
as 17.4 in.) 


For channels, from AJSC Equation F2-8b, 


i Mg fide 2 AZ SS: FIT. 6.. 
CNG 2 40 


From AISC Equation F2-6, 


Ji +6.r6( 27S)" 
= 19S pa core 1+ Ji +6.r6( 27S)" eT 


: 29,000 {2.81(1. 115) _-( 0.7(36)(75.0)(17 
1.95(1.353)-G"a¢36y 4 75.0(17.38) a a 76( Ca 000(2. SHER TTms 


= 229.3 in. = 19.11 ft 


3) 
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The unbraced length isl4 ft. For LZ, = 14 ft, L, < Ly < Ly, so 


M, = cil M, —(M, - 0.7F,S,)( 2 =e | < Mp (inelastic LTB) 
pep 


From Figure 5.15, C, = 1.32 
Mp = FyZy = 36(95.4) = 3434 in.-kips = 286 ft-kips 


- _ _ be 4246.) 
M, = 1.32[ 3434 - (3434 0.7 x 36 x 75,0)(+i4=4.246 .) J 3195, 


= 3195 in.-kips = 266.3 ft-kips <M, 
(a) LRFD solution: 
$5M, = 0.90(266.3) = 240 ft-kips 


My = pul? + = = £(1.2 x 0.058)(14)? + SCDUY 


170 ft-kips < 240 ft-kips | (OK) An MC18 x 58 is adequate. 


(b) ASD solution: 


Mn . 266.3 _ le 
O; 1a” 160 ft-kips 


ee eee a ee 2, 30014) 
Ma = Wal? + —#& = © (0.058)(14)? + = 


106 ft-kips < 160 ft-kips | (OK) An MC18 x 58 is adequate. 


5.5-15 


(a) LRFD solution: Py = 1.2Pp+1.6P, = 1.2(12) + 1.6(36) = 72.0 kips 
Wy = 1.2wo + 1.6we = 1.2(1 + 0.104) + 1.6(3) = 6. 125 kips/ft 
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| 6.125 kips/ft 


(Note that points have been relabeled for 
use in the C, formula.) 


139.9 k 


115.9k 


M, = 139.9(11.086) — 6. 125(11.086)7/2 — 72.0(1.086) = 1096 ft-kips 
Verify that this shape is compact. For the flange, 


- 29,000 _ Ore ; . 
Ap = 0.38 Pa = 9.15, A= ty 8.50 < A, .. flange is compact 


For the web, Ap = 3.76 j 22.000 = 90,6, A= a = 43.1 <A, ~. web is compact, 
w 


and the shape is compact. 
For a W24 x 104, A = 30.6in.2, Sy = 258 in.?, Z, = 289 in.?, J, = 259 in’, ry = 2.91 in., 
J = 4,72 in.4, Cw = 35,200 in.® 


Ly = 1.76ry |B = 1.76(2.91) | “zg = 123.3 in. = 10.28 ft 
y 


The following terms will be needed in the computation of L, : 


i gee 25935200) _ 4) 40 m2 


ad * 258 


de 
* 
OQ 
tl 


rs = ¥11.7 3. 421 in. 
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(rs can also be found in the dimensions and properties tables. For a W24 x 104, it is given 
as 3.42 in.) 


ho = d—-ty = 24.1 ~ 0.750 = 23. 35 in. 


(Ao can also be found in the dimensions and properties tables. For a W24 x 104, it is given 
as 23.3 in.) 


For a doubly-symmetric I-shape, ¢ = 1.0. From AISC Equation F2-6, 


_ E oF 0.7F Sxho ) 
Ly = 1.95 tw aa Ie f + {1 +6,76( 2 eahe 
7 29,000 /_4.72(1.0) ( 0.7(50)(258)(23.35 y 
1953-421) 95050) ¥ 758(23.35) 4 * yt +76 29, 000(4.72)(1.0) 
= 350.4 in. = 29. 20 ft 
For Ly = 20 ft, Lp < Ly < L,, so 


L,-Lp 


Compute Cs : Mmax = M, = 1096 ft-kips 


M, = Cs M, ~ (My - 0.7F553){ ) | <M, (inelastic LTB) 


Mz = 115,9(15) — 6.125(15)2/2 = 1049 ft-kips 
Mz = 115.9(10) ~ 6. 125(10)2/2 = 852. 8 ft-kips 
Mc = 115.9(5) ~ 6.125(5)?/2 = 502. 9 ft-kips 
C= 12. 5Minax 
2. 5Mmax + 3M +4Mp + 3Mc 
12.5(1096) 


= F75(1096) + 3(1049) + 4(852.8) + 3(502.0) ~ 1268 


M, = FyZ, = 50(289) = 14,450 in.-kips 


: : 7 20 = 10.28 _ 
M, = 1.268] 14,450 - (14,450 0.7 x 50 x 258)(525—-10.28- ) ] 


= 14,790 in.-kips > M, 
Therefore, use M, = M, = 14,450 in.-kips and 
GoMn = 0.9(14450) = 13,010 in.-kips = 1084 fi-kips 
Since M, = 1096 ft-kips > ¢,M, = 1084 ft-kips, W24 x 104 is not adequate. 
(b) ASD solution: 
Pa =Ppt+P, = 12 +36 = 48 kips, we = wo + wz = (1+ 0.104) +3 = 4. 104 kips/ft 
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48k 


| 4.104 kips/ft 
(ede a ee a 


- ii : 


(Note that points have been relabeled for 
use in the C, formula.) 


93.56 k 


1.101 fe 


-77,.56 k 


From the LRFD solution, the shape is compact. Also from the LRFD solution, 
Lp = 10.28 ft., Ly = 29. 20 ft 
For L, = 20 ft, Zp < Ly < L,, so 


Mn = Cal Mp — (My ~ 0.7FyS){ = z } | <M, (inelastic LTB) 
r—~Lp 


Compute Cy : Mmax == 732.9 ft-kips 
Mz =77.56(15) — 4.104(15)/2 = 701. 7 ft-kips 
Mg = 77.56(10) ~ 4.104(10)?/2 = 570. 4 ft-kips 
Mc = 77.56(5) — 4.104(5)*/2 = 336. 5 fit-kips 


2 12. 5Mamax 


a 12.5(732.9) 
2.5(732.9) + 3(701.7) + 4(570. 4) + 3(336.5) 


(Note that this is essentially the same as the value found in Part (a) with factored loads.) 


Cp 


= 1,267 
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M, = FyZ, = 50(289) = 14,450 in.-kips 


7 ea: - 20 — 10.28 
M, = 1.267| 14,450 (14,450 0.7 x 50 x 258)( =20= 10.28. ) | 


i 


14,780 in.-kips > M, 
Therefore, use M, = M, = 14,450 in.-kips and 
My . 14,459 ~ 9653 in-kips = 721 ft-kips 


Qs 1,67 
Since Ma = Mmax = 732.9 ft-kips > 721 ft-kips, W24 x 104 is not adequate. 
§.5-16 


(a) For segment ABC, when beam weight is included, wp = 3.5 + 0.132 = 3. 632 kips/ft 
Wy = L.2wo + L.6w, = 1,2(3.632) + 1.6(1.0) = 5. 958 kips/ft 
For segment CD, w, = 1.2(0.132) = 0.1584 kips/ft 
P, = 1.6P, = 1.6(25) = 40.0 kips 


40k 


en 0.1584 k/ft 
A v u D 
i B C 3 


101.1k toi» 48.95 k 


Maximum moment = 5 (101. 1)(16.97) = 858 ft-kips 
Verify that this shape is compact. For the flange, 


—— = 9,15, A= 7 = 7.15 <Ap .. flange is compact 


For the web, Ap = 3.76/20 = 90.6, 4 =H = 17.7 < Ap ~. web is compact, 
Ww 
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and the shape is compact. 


Fora W14 x 132, A = 38.8 in, d= 14.7 in., t, = 1.03 in, S, = 209 in?, Z, = 234 in.’, 
[, = 548 in’, ry = 3.76 in, ris = 4.23 in., Ao = 13.6 in., J = 12.3 in.4, Cy = 25,500 in.® 


Ly = 1.16ry [-E- = 1.76(3.76) ae 000 159.4 in. = 13. 28 ft 
y 


For a doubly-symmetric I-shape, c = 1.0. From AISC Equation F2-6, 


a wel OrTB Salto: 
Ly = 1.95re gee | Sp ae 14 1146 6.76( * — ThSshe)* 


29,000. [12, ieee 0.7(50)(209)(13.6 \? 
0.7(50) ¥ 209(13.6) -*°\ 59 000(12. 3)(1.0) 


= 1,95(4.23) 


= 672.2 in. = 56. 02 ft 
Check unbraced segment BC. For Ly = 9 ft, Ly < Lp and 
M, = M, = FyZx = 50(234) = 11,700 in.-kips = 975 ft-kips 
$sMy = 0.9(11700) = 10,530 in.-kips = 878 ft-kips > 858 ft-kips (OK) 
Check unbraced segment CD : For Ly = 18 ft, Lp < Ls < Lr, so 


— ve ) | <M, (inelastic LTB) 
=e : 


ae Col Mp ~ (My - 0.7F;,S:)( 
Compute Cy. Dividing CD into 4 equal segments of length 18/4 = 4, 5 ft and labeling the 3 
interior points a,b, and c, we obtain 

Mz = 48.95(13.5) — 0. 1584(13.5)?/2 = 646. 4 ft-kips 

My, = 48.95(9) — 0. 1584(9)*/2 = 434, I ft-kips 

Mz, = 48.95(4.5) — 0.1584(4.5)7/2 = 218. 7 ft-kips 

Minax = 48.95(18) ~ 0.1584(18)7/2 = 855. 4 ft-kips 


2.5 Mimax + 3Ma + 4M, + 3M, 


_ 12.5(855.4) 
7,5(855.4) + 3(646.4) + 4(434.1) + 3(218.7) 


; poe 18 — 13.28 
M, = 1.653] 11700 (11700 0.7 x 50 x 209) (qi8= 13-28 ) | 


Cy = 


= 1,653 


= 1.854 x 104 in.-kips = 1545 ft-kips > M, 
. sMy = GoM, = 878 ft-kips > 855 ft-kips (OK) 
W14 x 132 is adequate. 
(b) For segment ABC, when beam weight is included, wp = 3.5 + 0.132 = 3.632 kips/ft 
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25k 


3.632 k/ft 0.132 k/@ 
rae nes 
wr? B C 
62.13 k fo» | »—{ 30.63 k 


-30.63 k 


From Part (a), Lp = 13.28 ft, ZL, = 56.02 ft, M, = 11,700 in.-kips = 975.0 ft-kips. 
Check unbraced segment BC. For L; = 9 ft, Ly < Ly and 
Mn = Mz, = 975 ft-kips 


Mn _ 975. . -ki 
QO; 67 584 ft-kips 


Maximum moment = 0 + 417. 11)(62. 13) = 532 ft-kips < 584 ft-kips (OK) 


Check unbraced segment CD : For Ly =18 ft, Lp < Ly < Ly, so 
Ly —Ly 
Ly~ Lp 
Compute Cy. Dividing CD into 4 equal segments of length 18/4 = 4. 5 ft and labeling the 3 
interior points a,b, and c, we obtain 

Ma = 30.63(13.5) ~ 0.132(13.5)?/2 = 401.5 ft-kips 

M, = 30.63(9) — 0.132(9)*/2 = 270. 3 ft-kips 

M. = 30.63(4.5) ~ 0.132(4.5)?/2 = 136. 5 ft-kips 

Mrmax = 30.63(18) — 0. 132(18)?/2 = 530. 0 ft-kips 


12. 5M max 
2.5Mimax + 3Ma + 4M, + 3M- 
” 12.5(530.0) 
2.5(530.0) + 3(401.5) + 4(270.3) + 3(136.5) 


7 7 7 _18= 13.28 
Mn = 1.648] 11700 (11700 - 0.7 x 50 x 209)( 56.02~ 13,28 )] 


M, = Cal Mp (My 0.7F,5:)( } | <M, (inelastic LTB) 


Cpe 


= 1, 648 
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= 1, 848 x 104 in.-kips = 1540 ft-kips > Mp 
oe M, = Mp = 975 ft-kips 


ice EDS ap eG ki 
O, 1.67 584 ft-kips > 530 ft-kips (OK) 


W14 x 132 is adequate. 


5.6-1 


Check for compactness. For the flange, 


29, 000 
50 


29.153. aye do] S280 294 08 


Ap = 0.38 sa 


A= . = 9,92, Ap <A <A, .. flange is noncompact 


(In the Dimensions and Properties tables, there is a footnote indicating that the flange ofa 
W12 x 65 is noncompact.) The web is compact for all shapes in Part 1 of the Manual for 
Fy < 65 ksi. 


Compute the strength based on the limit state of flange local buckling. 


My = FyZ, = 50(96.8) = 4840 in.-kips 


Mae =0% -0.7F,S.)( $= | 
r™ Ap 


= 4840 — (4840 - 0.7 x 50 x 87.9)( 222-9. 132- ) 


= 4749 jn.-kips = 395. 8 ft-kips 
(a) Available strength = design strength = ¢,M, = 0.90(395.8) = 356. 2 ft-kips 


Factored load moment: 


M, = Lw,L? = 4w.(50)? = 356.2 = wy = 1.140 kips/ft 


8 
1.2wo+ l.6wz = 1.2wp + 1.6(3wp) = 1.140 = Wp = 0.1900 kips/ft 
w= Wptwz = 0.19 +3(0.19) = 0.760 kips/ft w = 0.760 kips/ft 


(b) Available strength = allowable strength = au = 395.8 = 237.0 f-kips 


M, = Lw,L? = Lw,(50)? = 237.0 = wa = 0.7584 kips/ft 


el 
8 8 


w = 0.758 kips/ft 
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5.6-2 


Check for compactness. For the flange, 


7 29,000 _ 7 29,000 _ 
Ap = 0.38/3e— = 9.152, Ar = 1.0 [= = 24, 08 


A= - = 9,34, Ap <A<A, .. flange is noncompact 


(In the Dimensions and Properties tables, there is a footnote indicating that the flange of a 
W14 x 99 is noncompact.) The web is compact for all shapes in Part 1 of the Manual for 
Fy < 65 ksi, 


Compute the strength based on the limit state of flange local buckling. 
M, = FyZxy = 50(173) = 8650 in.-kips 


Mn = My - (My - 0.7F 8%) ( <<) 


= 8650 - (8650 —0.7 x 50 x 157)(#At= 9.152.) 


= 8610 in.-kips = 717. 5 ft-kips 


Check for lateral-torsional buckling. From the Z, table, Z, = 13.5 ft. Since Z; = 10 ft< 
Ly, lateral-torsional buckling does not have to be investigated. 


M, = 718 ft-kips 


5.6-3 


Verify that the shape is noncompact: For the flange, 2 = oh was Gi 7 = 12.0 


hy = 0.38/29" = 9, 152 
keke 4 
As 095/222 bee (0.35 < ke < 0.763) 
Fy fhity 
ke = ——4—— = 0.4804,  F, = 0.7F, (see footnote b in AISC Table B4.1 
[5210.75 : y( ) 


Ar 


[ 0.4804(29, 000) - 
0.95 0.7(50) 18, 95 


Ap <A<A, «. flange is noncompact 


For the web, A = co = ae = 69.3 <A, = 3.76 peg = 90.55 .. web is compact. 
Ww 


Compute properties of the cross section. 


Flange area = 0,75(18) = 13.5 in’, Half-web area = 0.75(52/2) = 19.5 in.* 
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Taking moments about the PNA (located at mid-depth of the cross section), 


p= 19.513) + 13.5(26.38) _ 18. 47 in. 


19.54 13.5 
Z, = A «a = (19.5 + 13.5)(2 x 18.47) = 1219 in.? 
Mp = F)Z, = 50(1219) = 60,950 in.-kips 
I = -(0.75)(52) + 2] <5-(18)(0.75)? + 13.5(26.38)? | = 27,580 in.? 


ees 
Seg spa 
Ay —Ap 


= 60,950 — (60,950 ~0.7 x 50x 1031) (120 =9.152-) 


= 53,720 in.-kips = 4480 ft-kips M,, = 4480 ft-kips 


5.6-4 


Because the beam has continuous lateral support, lateral-torsional buckling does not need to 
be checked. Verify that the shape is noncompact: For the flange, 


_ or 16. _ 25,000 _ 
a= 5f = shia 10.67, Ay 0.38 | ee 9, 152 


k.E 4 
A, = 0.95/72, ke = 0.35 <ke < 0.763 
: Eh [hilty 
= ——4 = 0.4472, F, = 0.7F, (see footnote b in AISC Table B4.1) 
[40/072) 


_ 0.4472(29,000) _ 
A, = 0.95 | aH) 18. 29 


Ap<A<A, .. flange is noncompact. 


Slo AO 3.76 [22000 
For the web, A = rian V7 laa 80, Ap = 3.76 50 = 90,55 


Since 2 < Ap, the web is compact. 
Compute properties of the cross section. 
Flange area = 0.75(16) = 12.0 in.?,  Half-web area = 0.5(0.5 x 40) = 10.0 in.? 


Taking moments about the PNA (located at mid-depth of the cross section), 


12,0(20 + 3/8) + 10.0010) _ 15. 66 in 


es 12.0 + 10.0 
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cae 4 a = (12.04 10.0)(2 x 15.66) = 689.0 in 


M, = FZ, = 50(689.0) = 34,450 in.-kips 
ioe 5 (0.5)(40)? rs 2| 4-16)(0.75)? + 12.0(20 + 3/8)? | = 12,630 in.3 


S,= 4 = SET = 608. 7 in.? 


hey 
M, = My ~ (My -0.7F,S,)( i) 


= 34450 ~ (34450 ~ 0.7 x 50 x 608.7)( 10-67 3.152. 


= 32,270 in.-kips = 2690 ft-kips M, = 2690 ft-kips 


8-1 


h E = 9,24 [29,000 _ 
i. = 71.0, 2.24 F, = 2,24 3 47,31 


Since # > 2.24 -£ , AISC Section G2.1(b) applies. 
Ww 


y 
hE _ 5(29,000) _ 
1.10 = 1.10) 2) = 51.95 
kyE _ 3(29, 000) _ 
1.37 ae 1.37, Se) = 64.71 


h ; L.51Eky _ 1.51(29,000)(5) 
2 > 64.71, .. Cy = = = = 0.6682 
ty (hltw)?Fy (71.0)7(65) 


Vn = 0.6FyAwCy = 0.6(65)(9.99 x 0. 130)(0.6682) = 33. 84 kips 


n = 33.8 kips 


5.8-2 
For an M12 x 11.8 (ff = 0.225 in.) of A242 steel, Fy, = 50 ksi 


De [E- 2 2,24 [29,000 _ 
fy 7 625, 2.24 J = 2.24) = 53.95 


Since f >2.24 lf , AISC Section G2.1(b) applies. 


1.10/22 = of 25000) = 59,24 
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1,37 | ol =137) 7G we ~ 73.78 
» 


h scitecs _ 59.24 _ 
59.24 < HE < 73.78, 2. Cy ae 224. = 0,9478 


V_ = 0.6FyAwCy = 0.6(50)(12.0 x 0.177)(0.9478) = 60. 39 kips 
V, = 60.4 kips 


5.8-3 


(a) Py, = 1.6P, = 1.6(60) = 96 kips 


96k 96k 


-48 k 


M, = 144(2) - 96(1) = 192 ft-kip 
From the Z, table, 65M, = ¢,Mé, = 203 ft-kips > 192 ft-kips (OK) 
Check shear: 


he Eo 2.4 [OT 
i 51.6 < 2,24 F, 2.24 5 = 53.95 


1 Vn = 0.6FyAy = 0.6(50)(15.9 x 0.275) = 131.2 kips 

$yVy = 1.0(131.2) = 131 ksi 

V, = 144kips> 131 kips  (N.G.) Beam not adequate 
(¢yV, can also be found in the Z, table.) 
(b) P, = 60 kips 
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ta 
‘ae 
90 k 30k 


30k 


-30k 


M, = 90(2) — 60(1) = 120 ft-kip 
From the Z, table, M,/Qy = M,)/Qs = 135 ft-kips > 120 ft-kips (OK) 
Check shear: 


pe FE - 2.24 [29,000 _ 
ty = 51.6 < 2.24 F, = 2.24 50 = 53,95 


2. Vy = 0.6F Ay = 0.6(50)(15.9 x 0.275) = 131.2 kips 


Vy 1312 
Oi, isso 87.5 ksi 
V, = 90 kips > 87.5 kips (N.G.) Beam not adequate 


(V/Q, can also be found in the Z, table.) 


5.8-4 


Nominal shear strength: 4 = 41.1 < 2.24 [2 = 2,24 | 22,000 _ 53 95 


“Vy = 0.6FyAy = 0.6(50)(16. 1 x 0.345) = 166, 6 kips 
$, = 1.00, Qy = 1.50 


Nominal flexural strength: The unbraced length is Z, = 10 ft. From the Z, table, a W16 x 
45 is compact, Zp = 5.55 ft, and LZ, = 16.5 ft. 
Since Lp < Lp < L,, lateral-torsional buckling must be checked. 


Ly —Ly } | <M, (inelastic LTB) 
Ly al Lp ; 


M, = Col M, mye eee 0.7FyS.)( 
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For cantilevers, use Cy = 1.0 (AISC F1). 
M, = FyZy = 50(82.3) = 4115 in.-kips 


M, = 1.0[ 4115 ~ (4115 — 0.7 x 50 x 72.1) (M9 = 5.55. ) | 


= 3477 in.-kips = 289. 8 ft-kips 
(a) Py = 1.6P, = 1.6(85) = 136kips, = wy, = 1.2wp = 1.2(0.100) = 0.12 kips/ft 
byV, = 1.00(166.6) = 167 kips 
V, = 136+0.12(10) = 137 kips< 167 kips (OK) 
$M, = 0.90(289.8) = 261 ft-kips 
M, = 136(1) + 0.12(10)(10/2) = 142 ft-kip < 261 ft-kips | (OK) 
W16 x 45 is adequate. 


Pn. 166:6 -... : 
(b) Q, is Ws = 111 kips 


V, = 85+0.100(10) = 86.0kips<111kips (OK) 


M, = 85(1) + 0.100(10)(10/2) = 90.0 ft-kip < 174 ft-kips (OK) 
W16 x 45 is adequate. 


5.10-1 

(a) Neglect beam weight and check it later. 
wy = 1.2wp + 1.6wy = 1.2(0.75) = 0.9 kips/ft 
P, = 1.2Pp+1.6P, = 1.6034) = 54. 4 kips 


My = Loyd? + Feb = £(0.9)(30)? + 440% ~ 509.3 fe-kips 


54.4k 


40.7 to =a - sok 1s—t—asf 40.7 k 
— 


}+-——-—0 
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Compute C, : Momax = Mz = 509.3 ft-kips 
Ms = Mc = 40.7(7.5) — 0.9(7.5)?/2 = 279. 9 ft-kips 
12. 5Mmax 
2.5Mmax + 3M4 + 4M + 3Mc 


_ 12.5(509.3) ati aae 
2, 5(509, 3) + 3(279.9) + 4(509.3) + 3(279.9) 


Enter the beam design charts with Z, = 30 ft and a = 03.3. = 399 ft-kips 


Cs 


Try a W16 x 89 
$M, = 410 fi-kips for C, = 1.0. For Cy = 1.276, 
pM, = 1.276(410) = 523 ft-kips > 509.3 ft-kips (OK) 
6M, = 656 ft-kips > 523 ft-kips (OK) 

Check beam weight. wp = 0.75 + 0.089 = 0.839 kips/ft 
Wy = 1.2(0.839) = 1. 007 kips/ft 


es I Z Pub = au 2 
M, = g Wal Pra g (1.007)(30) + 


= 521 ft-kips < 523 fi-kips (OK) 


The inclusion of the beam weight changes the total load only slightly, and C; does not need 
to be recomputed. 


Check shear: From the Z, table, 
byV, = 264 kips > V, ~ 40.7 kips (OK) Use a W16 x 89 


54.4(30) 
A 


(b) Neglect beam weight and check it later. 


My = twat? + Feb = £(0,75)30)2 + 409 


; 4 = 339.4 ft-kips 


34k 


oe 


| . 
A 
ork Las “ 7.5 +. 7.5'—oe—7.5 fees i 


Compute Cy : Mmax = Mz = 339.4 ft-kips 
My = Mc = 28.25(7.5) ~ 0.75(7.5)?/2 = 190. 8 ft-kips 
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ae 12. 5 Mmax 


ae 2 5339.4) fee 
2.5(339.4) + 3(190. 8) + 4(339.4) + 3(190. 8) 


C, 
= 1,266 


Enter the beam design charts with L, = 30 ft and ae = aiaa = 268 ft-kips 


Try a W14 x 90 


oe = 311 ft-kips for Cy = 1.0. For Cy = 1.266, 

at = 1.266(311) = 394 fi-kips > 339.4 ft-kips (OK) 

Mp _ a it we «Mp S 
oF 382 ft-kips < 394 ft-kips .. use rein 0 CES 382 ft-kips 


Check beam weight. wp = 0.75+0.090 = 0.84 kips/ft 


Ma = twal? + Fek = £(0.84)(30)? + atl = 350 fi-kips < 382 fi-kips (OK) 


The inclusion of the beam weight changes the total load only slightly, and C, does not need 
to be recomputed. 


Check shear: From the Z, table, 


“ =123 kips > Vo = 28.25 kips (OK) Use a W14 x 90 


§.10-2 


(a) Assume a beam weight of 200 lb/ft 
w, =1.2wp + 1.6w, = 1.2(3.33 + 0.2) + 1.6(6.67) = 14. 91 kips/ft 
P, = 1.2Pp+1.6P, = 1.2(10) + 1.6(20) = 44.0 kips 
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44k 


14.91 k/ft 


pen k 
59 88 kk 


M, = 253.0(14.02) - 14.91(14.02)2/2 — 44(4.017) = 1905 ft-kips 
(a) Try W36x 135, = @sMn = pM, = 1910 ft-kips > 1905 ft-kips (OK) 
Beam weight = 135 [b/ft < assumed value of 200 Ib/ft (OK) 
Check shear: From Z, table, 
byV, = 576 kips > 253 kips (OK) Use a W36 x 135 
(b) Assume a beam weight of 200 |b/ft. 
Pg = Ppt+P, = 10+20 = 30 kips 
Wa = Wp + wz, = (3.33 + 0.200) + 6.67 = 10.2 kips/ft 
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+——] a ean Reena 
noes epee es 


Take moments about right end to determine left reaction, Ry : 
> Mrignt = Rx (30) ~ 30(20) ~ 10.2(30)(30/2) = 0, R, = 173.0 kips 
Shear is zero when 173.0 — 30—-10.2x = 0, x = 14,02 ft 
Maximum moment is Mz = 173(14.02) ~ 30(14.02 ~ 10) ~ 10.2(14.02)?/2 = 1302 ft-kips 


My . Mp “ki 
Try W40 x 149, Gt = = 1490 fi-kips > 1302 ft-kips (OK) 
Beam weight = 149 Ib/ft < assumed value of 200 lb/ft (OK) 


Check shear: From Z, table, 


- = 432 kips>173kips (OK) Use a W40 x 149 


aha a a aa le a ete ee ee 
5.10-3 
(a) Assume a beam weight of 200 Ib/ft 
Wy = 1.2wp + 1.6wz = 1.2(3.33 + 0.2) + 1.6(6.67) = 14. 91 kips/ft 
Py, = 1.2Pp+1.6P, = 1.2(10) + 1.6(20) = 44.0 kips 
The 20-ft unbraced length will control. Compute Cs : 
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44k 


14.9] k/ft 


j 
Vv 


eth, ay Vv 
A &B Cc 


| 

a 

253.0 k 238.3 k 
20! | 


eo” ie 


Shear is zero when 253.0 ~ 44 ~ 14,.91x = 0, x= 14,02 ft 
Max = 253(14.02) ~ 44(14.02 — 10) — 14.91(14.02)*/2 = 1905 ft-kips 
Mg = 253(15) ~ 14.91(15)?/2 — 44(5) = 1898 ft-kips 
Mg = 253(20) — 14.91(20)2/2 ~ 44(10) = 1638 ft-kips 
Mg = 253(25) — 14.91(25)?/2 — 44(15) = 1006 ft-kips 


12.5 Mmax 
2.5 Minax + 3Ma + 4M3+3Mec 


= 12.5(1905) 
2.5(1905) + 3(1898) + 4(1638) + 3(1006) 


Ch = 
= 1,189 


Enter the beam design charts with Z, = 20 ft and ah = jets. = 1602 ft-kips 


Try a W36 x 160 
$M, = 1740 ft-kips for Cy = 1.0. For Cs = 1.189, 
@sMn = 1.189(1740) = 2069 ft-kips > 1905 ft-kips | (OK) 
$M, = 2340 ft-kips > 2069 ft-kips (OK) 
Beam weight = 160 lb/ft < assumed value of 200 lb/ft (OK) 
Check shear: From Z, table, 
byVn, = 702 kips > 253 kips (OK) Use a W36 x 160 
(b} Assume a beam weight of 200 Ib/ft. 
Pa = Pp+Pz = 10+20 = 30 kips 
Wa = Wo + wy = (3.33 + 0.200) + 6.67 = 10. 2 kips/ft 


ft 
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30k 


10.2 k/ft 


purr it yy pi vy 
ae aaa mamaria” 


+10 +} 20" + 
-—_— 30' — 
Take moments about right end to determine left reaction, Rx : 
>) Mright = R,(30) — 30(20) — 10.2(30)(30/2) = 0, Ry, = 173.0 kips 
Shear is zero when 173.0 —30—10.2x = 0, x= 14.02 ft 


Maximum moment is Mz, = 173(14.02) — 30(14.02 — 10) — 10.2(14.02)2/2 = 1302 ft-kips 
The 20-ft unbraced length will control. Compute C; : 


Divide the 20-foot unbraced length into four equal segments of length 20/4 = 5 ft. This 
places A,B, and C at distances of 15, 20, and 25 feet from the left end. 


Mg = 173(15) — 10.2(15)2/2 - 30(5) = 1298 ft-kips 


Mg = 173(20) — 10.2(20)2/2 — 30(10) = 1120 f-kips 
My = 173(25) — 10.2(25)*/2 — 30(15) = 687. 5 ft-kips 
C, = 12. SMrsax 
2.5Mimax + 3Ma + 4Me+3Mc 
12.5(1302) 


~ FSCiaOR + 3298) + ACO) +367.) 


Enter the beam design charts with Z, = 20 ft and a = RED = 1095 ft-kips 


Try W36 x 160 
EE = 1156 fi-kips for Cy = 1.0. For Cy = 1.189, 


“ = 1.189(1156) = 1374 ft-kips > 1302 ft-kips (OK) 
M, , 4 
a, = 1560 ft-kips > 1374 ft-kips 
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Beam weight = 160 lb/ft < assumed value of 200 !b/ft (OK) 
Check shear: From the Z, table, 


Et = 468 kips>173kips (OK) Use a W36 x 160 
: Use a W36 x 160 


eta RECESS PAA HE PTE SSSA AALS HEE 


5.10-4 
(a) Wu =1.2wp + l.6wz = 1.2(2) = 2. 4 kips/ft (neglect beam wt. and check it later.) 
u= 12Pp+1.6P, = 1.6(15) = 24.0 kips 


24k 


For Ly = 30 ft, Compute Cy : 
Mg = Mc = 48(7.5) ~ 2.4(7.5)*/2 = 292. 5 ft-kips 
Mg = Minax = 48(15) — 2.4(15)?/2 = 450.0 ft-kips 


= 12.5 Minax 
2.5Mmax +3M4 + 4Me + 3Mo 


_ 12. 5(450.0) 
2. 5(450.0) + 3(292. 5) + 4(450.0) + 3(292. 5) 


Cp 


= 1.202 


Enter the beam design charts with L, = 30 ft and in = 450.0 = 374 fi-kips 
b i 


Try a W18 x 86 
$M, = 407 ft-kips for C, = 1.0. For C, = 1.202, 
$M, = 1.202(407) = 489 ft-kips > 450 fi-kips | (OK) 
$oM, = 698 fi-kips > 489 ft-kips | (OK) 
Check beam weight: 
M,, = 450.0 + #(1.2 x 0.086)(30)? = 462 ft-kips < 489 ft-kips | (OK) 


Check shear; ¥, = 24 + L22+0.086)89) 49, 5 Kips 


From the Z, table, ¢Vn = 265 kips > 49.5 kips (OK) 
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_ ; oe he a SURI , 
Check deflection: Maximum Az ae fae 1.0 in. 
Ac = Ggey = aga9,000)(1070) ~ O472 <b on) 


Use a W18 x 86 
(b) Wa =Wot+wy = 2 kips/ft (neglect beam wt. and check it later.) 
Pas Pp +P, = 15 kips 


13k 


Left reaction = 


15+2(30) _ : 
SP Penge ar at 37.5 kips 


For L, = 30 ft, Compute C, : Divide the 30-foot unbraced length into four equal segments 
of length 30/4 = 7.5 ft. This places A, B, and C at distances of 7.5, 15, and 22.5 feet from 
the left end. 


Mg = Mc = 37.5(7.5) — 2(7.5)7/2 = 225.0 ft-kips 


Mag = Mmox = 37.5(15) ~ 2(15)2/2 = 337. 5 ft-kips 


a 12. 5Mmox 
5 2 5M + 3M 4 + 4Mg + 3M 


= 12.5(337.5) 7 
2, 5(337.5) + 3(225.0) + 4337.5) + 3(225.0) 


Enter the beam design charts with L, = 30 ft and al = 337.5. = 284 ft-kips 
b 


1,190 
Try a W14 x 90 
o = 311 ft-kips for C, = 1.0. For Cs = 1.190, 
Me = 1,190(311) = 370 fi-kips > 337.5 fi-kips (OK) 
Mp 


=P. = 382 ft-kips > 370 ft-kips 


(This value of M,/Q, is based on FLB.) 


[5-43] 


Check beam weight: 
Mz = 337.5 4  (0-090)(30)? = 348 ft-kips < 370 ft-kips (OK) 


Check shear: From the Z, table, 


Vn 


BG. = 123 kips > 37.5 kips (OK) 


at : a ae 4 
Check deflection: Maximum A, = 366 360 1.0 in. 


= Pee, - Ab G02) 
*“A8ET ~ “48(29,000)(999) 


= 0.503 in.<1.0in. (OK) 


Use a W14 x 90 


AT ne ARAM EA TE EECA C18 eet 


5.10-5 


(a) Py = 1.2Pp+1.6P, = 1.6(18) = 28. 8 kips (neglect beam wt. and check it later.) 
28.8k 


! oe 


a ee > 


14.4k 4 sp @2.5' 144k 


Compute C; for center segment: 
Ma = Mc = 14.4(12.5) = 180.0 ft-kips 
Mp = Mmax = 14.4(15) = 216.0 ft-kips 


: 12. 5Mmnax 


_ 12. 5(216 
2.5(216) + 3(180) + 4(216) + 3180) 


C, 


= 1.087 


Enter the beam design charts with ZL, = 10 ft and a = i = 199 ft-kips 


Try a W16 x 40 
65M, = 229 fi-kips forC, = 1.0. For Cy = 1.087, 
b5M, = 1.087(229) = 249 ft-kips > 216 ft-kips | (OK) 
65M, = 274 ft-kips > 249 ft-kips | (OK) 

Check beam weight: 


[5-44] 


M, = 216+ 4.2 x 0.040)(30)2 = 221 fi-kips < 249 fi-kips | (OK) 


Check shear: Ves 28.8, 1.2(0.040)G0) 15. 1 kips 


2 2 
From the Z, table, @.V, = 146 kips > 15.1 kips (OK) Use a W16 x 40 
(b) Pa = Ppt+P,=18kips (neglect beam wt. and check it later.) 
Left reaction = 48. = 9 kips 


Segment 2-3 is critical. Divide this 10-foot unbraced length into four equal segments of 
length 10/4 = 2.5 ft. This places A,B, and C at distances of 12.5, 15, and 17.5 feet from the 
left end. 
M4 = Mc = 9(12.5) = 112.5 ft-kips 
Mz = Miax = 9(15) = 135.0 ft-kips 
- 12.5Mmax 
2. 5 Mmex + 3Ma + 4M3+3Mec 
2 12,3(135..0) 
2.5(135.0) + 3(112.5) + 4(135.0) + 3(112.5) 


Cp 
= |, 087 


Enter the beam design charts with L, = 10 ft and Ma . 135.0 124 ft-kips 


C, ~ T.087 
Try a W16 x 36 
rif = 131 fi-kips for Cy = 1.0. For Cy = 1.087, 
ee = 1,087(131) = 142 fi-kips > 135 ft-kips (OK) 
Mp ; 
ooo 160 ft-kips > 142 ft-kips 


Check beam weight: 
Ma = 135.0 + + (0,036)(30)? = 139 ft-kips < 142 ft-kips | (OK) 
Check shear: From the Z, table, 


Fe = 140 kips>9kips (OK) Use a W16 x 36 


[5-45] 


510-6 
(a) Py = 1.2Pp + 1.6P, = 1.6(20) = 32.0 kips (neglect beam wt. and check it later.) 


32k 32k 
: Wee 
[ | 
et 5! pie. — 18' ae 
| 
46.86 k 
14.86k 


My, = 46.86(5) + 14.86(5) = 309 ft-kips 
Enter the beam design charts with ZL, = 28 ft (Cy = 1.0) 
TryaWl4x74 = $,M, = 318 ft-kips > 309 ft-kips (OK) 
Check beam weight. w, = 1.2(0.074) = 0.0888 kips/ft 
Conservatively, we can use M, = 309 + 0.0888(28)?/8 = 318 ft-kips = 6,4, (OK) 
Check shear: From the Z, table, @,V, = 191 kips > 48.86 kips (OK) 

Use a W14 x 74 

(b) Neglect beam weight and check it later. 


Left reaction = 20( 48 ) +20 (3) = 29.29 kips 


The maximum moment occurs at the second load from the left: 
M, = 29,29(10) ~ 20(5) = 193 ft-kips 
Enter the beam design charts with L, = 28 ft (Cs = 1.0) 


Try a W12 x 72 
os = 205 ft-kips > 193 ft-kips (OK) 


[5-46] 


Check beam weight. Conservatively, we can use 
M, = 193 + 0.072(28)?/8 = 200 ft-kips < 205 ft-kips (OK) 


Vn 
Oy 


Check shear: From the Z, table, = 105 kips > 29.29 kips (OK) 


Use a W12 x 72 


et A tt 


5.10-7 


(a) Assume a beam weight of 40 lb/ft: wp = 170+40 = 2.10 lb/ft 
Load combination 3 controls: Wy = 1.2D + 1.68 = 1.2(210) + 1.6(280) = 700.0 lb/ft 


M, = wud = 4.0, 700)(25)? = 54, 69 ft-kips 


_ For lateral support at the ends and at midspan, Cs = 1.30 (Fig. 5.15, textbook) 


Enter the beam design charts with Ly = 25/2 = 12.5 ftand He = 54.69 — 42.1 f-kips: 


Try a W8 x 18: 
For Cy = 1.0, sMn = 42.5 ft-kips. For C, = 1.30, 
$,M, = 1.30(42.5) = 55.3 ft-kips > 54.69 ft-kips (OK) 
¢,M, = 63.8 ft-kips > 55.3 ft-kips 
Beam weight = 18 lb/ft < assumed value of 40 Ib/ft_ (OK) 
Check shear: From the Z; table, @,V, = 56.2 kips 
y, = teh 0.70025) 2 8.75 kips < 56.2 kips (OK) 


age, ee eee 10>) : 
Check deflection: Amax = 780 = 180 1. 67 in 
ie 5(wp +ws)L4 = 5[(0.170 + 0.018 + 0,280)/12](25 x 12)* 
38440 384(29, 000)(61.9) 


= 2,29in.>1.67in.  (N.G.) 


S(wotws)L* _ 5{(0.170 + 0.018 + 0.280)/12](25 x 12)* 
384 EA max 384(29, 000)(1. 67) 


= 84,9 in.* 


Required J, = 


Try a W10 x 22: 
$M, = 66 ft-kips (for Cp = 1) > 54.69 ft-kips — (OK) 
LE, = 118in.4 >84.9in.4 = (OK) 
¢vVn = 73.2 kips > 8.75 kips (OK) Use a W10 x 22 


[5-47] 


(b) Assume a beam weight of 40 Ib/ft: Wp = 170+40 = 210 lb/ft 
Load combination 3 controls: Wa = D+S = 210+ 280 = 490 lb/ft 


My = dwal? = +(0.490)(25)? = 38. 28 fi-kips 


For lateral support at the ends and at midspan, C, = 1.30 (Fig. 5.15, textbook) 


Enter the beam design charts with L, = 25/2 = 12.5 ft and ran = 38.28 = 29.4 ft-kips: 


Try a W10 x 22: 


For Cy = 1.0, M,/Q% = 44 ft-kips > 38,28 ft-kips. The strength will be higher for 
Cy = 1.30 and need not be investigated. 


Beam weight = 22 lb/ft < assumed value of 40 lb/ft (OK) 
Check shear: From the Z, table, V,/Q, = 48.8 kips 


V,= Wak ws SO) = 6.13 kips <48.8kips (OK) 


Check deflection; Amz = ee = 2202) 1 67 in 


180 180 
he SQwotws)L* _ 5[(0.170 + 0.018 + 0.280)/12}](25 x 12)4 
3847 384(29, 000)(118) 
= 1.20in.<1.67in. (OK) Use a W10 x 22 


5.11-1 


Dead loads: Slab weight = +5 (150) = 62,5 psf 

Wp = (62.5 + 10)(6) = 435.0 Ib/ft (neglect beam wt. and check it later.) 
Live load: wz = (60+ 20)(6) = 480 Ib/ft 
(a) Wy =1.2wp + 1.6wy = 1.2(435) + 1.6(480) = 1290 lb/ft 

M, = 4,1? = + (1.290)(30)? = 145 fi-kips 
From the Z, table, 
Try a W16 x 26, ¢sM, = $sM, = 166 fi-kips > 145 ft-kips | (OK) 
Check beam weight: 

M, = 145+ $(1.2 x 0.026)(30)? = 149 ft-kips < 166 ft-kips | (OK) 
Check shear: From the Z, table, ¢,V, = 106 kips 

Vy 2 +229C0 _ 19.4 kips < 106 kips (OK) 


[5-48] 


ai = 3002) 9.0 in. 


180 180 


_ SwpL* _ $(0.480/12)(30 X12)" gin, £2.01 
A, = Siler = = Sgacs.goaGuiy 7 Ole <20in. (OK) 


Check deflection: Maximum A; = 


Use a W16 x 26 
(b) Wa = wo + wr = 435 + 480 = 915 kips/ft 
MM; = tal? = + (0.915)(30)? = 103 ft-kips 
From the Z, table, 


Uy Mr eocteaaise ) 
Try a W16 x 26, qa. = 110 ft-kips > 103 ft-kips (OK) 


Check beam weight: 
M, = 103 + +. (0.026)(30)? = 106 ft-kips < 110 ft-kips (OK) 


Check shear: | From the Z, table, * = 70.5 kips 
¥ 


a 821300) = 13.7 kips<70.5kips (OK) 


= 2.0 in. 


oe : bb BO) 
Check deflection: Maximum AL= 735 = “720 


_, 5(0.480/12)(30 x12)" _ 1 9; 
384ET 384(29,000)(301) 1.0 in, < 2.0 in. 


as Sw L* 


AL = (OK) 


Use a W16 x 26 

5.11-2 
Dead loads: Slab weight = 4-3-(150) = 56,25 psf 

wp = (56.25 + 5)(5.5) = 336. 9 lb/ft (neglect beam wt. and check it later.) 
Live load: wz = (150 + 20)(5.5) = 935.0 lb/ft 
(a) wy =1.2wp + 1.6wz = 1.2(336.9) + 1.6(935.0) = 1900 lb/ft 

M, = _wul? = 4(1,900)(30)? = 214 ft-kips 
From the Z, table, 
Try a W18 x35, 65Mn = 5M, = 249 ft-kips > 214 ft-kips (OK) 
Check beam weight: 

M, = 214+ 4.2 x 0.035)(30)? = 219 ft-kips < 249 ft-kips | (OK) 


Check shear: | From the Z, table, ¢,V, = 159 kips 


[5-49] 


Vy x 20CO 28.5 kips < 159kips (OK) 
ae . iy Hy san SOC ox: : 
Check deflection: Maximum A; = 360 = 360° 1.0 in. 


sh Sith gp SO S3SNDV GORI Lhe ct 
oe 3847 384(29,000)(510) ~~ i, [Sin > 1.0in,. (N.G.) 


Swil*  _ 5(0.935/12)(30 x 12)4 
384 FA max 384(29, 000)(1.0) 


From the J, table, trya W18 x 40, J, = 612 in.4 > 588 in.4 = (OK) 
@oMn = 294 ft-kips > 219 ft-kips (weight is OK) 
byV, = 169 kips > 28.5 kips (OK) Use a W18 x 40 


Required / = = 588 in.’ 


(b) wa = wo + wz = 336.9 +935:0 = 1272 kips/ft 
Ma = wal? = # (1.272)(30)? = 143 fi-kips 


From the Z, table, 


M, _ ™M, ‘ 
Try a W18 x 40, a= rang = 196 ft-kips > 143 ft-kips | (OK) 
Check beam weight: 


Ma = 143 + § (0.040)(30)? = 148 fi-kips < 196 ft-kips (OK) 


Check shear: From the Z, table, a = 113 kips 


¥, =» +72G%) 2 19.1 kips< 113 kips (OK) 
E- ., 3002) 


460 360 = 1.0 in. 


4 4 
fps CUE UO BON 12) 20.660 in Oi HOR) 


384EI ~~ =: 3384(29, 000) (612) 


Check deflection: Maximum A; = 


Use a W18 x 40 


5.11-3 


Dead loads: Slab and deck weight = 43 psf 

Wp = (43 +5+2)(12) = 600.0 lb/ft (neglect beam wt. and check it later.) 
Live load: wz = (160 + 20)(12) = 2160 lb/ft 
(a) Wy =1.2wp + 1.6w, = 1.2(600) + 1.6(2160) = 4176 lb/ft 


[5-50] 


My = wal? = 4(4.176)(25)? = 326 fi-kips 


From the Z, table, 
Try a W21 x 44, bsMy = $pMp = 358 ft-kips > 326 ft-kips (OK) 
Check beam weight: 

M, = 326+ 42 x 0.044)(25)? = 330 fi-kips < 358 fi-kips 


Check shear: From the Z, table, @)Y, = 217 kips 


y, = 412805) < 52.2 kips< 217 kips (OK) 


en : ie op OCIA : 
Check deflection: Maximum A 360 = 7360 = 0,833 in. 


_ SwyLt _ 3(2.160/12)(25 x12)" _ 9 7773 
oe 384ET  -384(29,000)(843) = 0.777 in. < 0.833 in. 


(b) Wa =Wo+we = 600 + 2160 = 2760 kips/ft 
M, = +wal? = 4 (2.760)(25) = 216 fi-kips 


8 
From the Z, table, 
M, _ M, ; ; 
Try a W21 x 44, Oo, = OD, = 238 fi-kips > 216 fi-kips | (OK) 
Check beam weight: 


Mz = 216+ 40.044)(25)? = 219 ft-kips < 238 fi-kips (OK) 


Check shear: From the Z, table, = = 145 kips 
¥ 


Y= 2-TO0GS) — 34, 5 kips < 145 kips (OK) 


Check deflection: Maximum A; = sty = ST = 0,833 in. 


_ SwL4 _ 5(2,160/12)25 x 12)" . : 
AL = e457 Faas onGe) < 0.833 in, 


[5-51] 


(OK) 


(OK) 


Use a W21 x 44 


(OK) 


Use a W21 x 44 


5.11-4 


Dead loads: = Slab and deck weight = 51 psf 

Wp = (51+ 10)(10) = 610.0 lb/ft (neglect beam wt. and check it later.) 
Live load: wr = (80+ 20)(10) = 1000 lb/ft 
(a) Wu = 1.2wp + 1.6wz = 1.2(610) + 1.6(1000) = 2332 lb/ft 


My = wil? = F (2-332)(20)? = 117 ft-kips 


From the Z, table, 
Try a W14 x 22, @sM, = 65M, = 125 fi-kips > 117 ft-kips | (OK) 
Check beam weight: 

M, = 117+ (1.2 x 0.022)(20)? = 118 fi-kips < 125 ft-kips (OK) 


Check shear: From the Z, table, ¢,V, = 94.8 kips 


Vy x aa 20) = 23,3 kips < 94.8 kins (OK) 


L. . 20(12) 


360 360 
5wiL4 — 5(1,000/12)(20 x 12)4 


Check deflection: Maximum A; = = 0.667 in. 


AL = 3R4ET = ~~ 384(29,000)(199) _ = 0.624 in. < 0.667 if. (OK) 
Use a W14 x 22 
(b) Wa = Wo tw, = 610+ 1000 = 1610 kips/ft 


Mz = fwel? = ¥ (1-610)(20)? = 80. 5 fi-kips 


From the Z, table, 


{ 


M, _ Mp 
02, £2; 


Check beam weight: 


Try a W14 x 22, = 82.8 fi-kips > 80.5 ft-kips | (OK) 


M, = 80.5 + +-(0.022)(20)? = 81. 6 ft-kips < 82.8 ft-kips (OK) 


Check shear: From the Z, table, a = 63.2 kips 
y 


Vz = SCO _ 16.1 kips <63.2kips (OK) 


[5-52] 


td. < 2002) 
360 360 


Check deflection: Maximum A, = 


_ SwiL* _ 5(1.000/12)(20 x 12)4 _ , 
A. = -sgder = 7 ge4039-000)(199) 0.624 in. < 0.667 in. (OK) 


Use a W14 x 44 


<cemersaneraningee tne typ eT AR SATA NA I, 


8.11-5 
Dead loads: Slab weight = 5 (150) = 62.5 psf 
wp = 62.5(5) = 312.5 lb/ft (neglect beam wt. and check it later.) 
Live load: wy = (80 + 20)(5) = 500 Ib/ft 
(a) Wy = 1.2wp + 1.6w, = 1.2(312.5) + 1.6(500) = 1175 lb/ft 
M, = gual? = £(1.175)(30)? = 132 f-kips 
From the Z, table, 


Try a W16 x 26, $M, = sMp = 166 ft-kips > 132 ft-kips | (OK) 
Check beam weight: 

M, = 132 + 4(1.2 x 0.026)(30)* = 136 ft-kips < 166 ft-kips (OK) 
Check shear: | From the Z, table, @.V, = 106 kips 

Vie LEGO) =17.6kips <106kips (OK) 


Check deflection: Maximum total A= wh = 30(12 = 1. Sin. 


740 ~ ~ 240 
A= SwLt _ 5[(0.3125 + 0.026 + 0.500)/12}(30 x 12)* 
3845] 384(29,000)(01) 


=1.75in.>1.5in. (NG) 


7 _ SwgE4  _ 5{(0.3125 + 0.026 + 0.500)/12}(30 x 12)* _ 354504 
Reauinens = aRq mh 384(29,000)(1.5) Bioeth 


From the J, table, try a W16 x 31, J, = 375 in.* > 351 in.t (OK) 
¢»M,, = 203 fi-kips > 136 ft-kips (weight is OK) 
¢yV, = 131 kips > 17.6 kips (OK) Use a W16 x 31 


(b) Wa = wot wy, = 312.5 + 500 = 812. 5 kips/ft 


Ma = 4wal? = 4. (0,8125)(30)? = 91. 41 fi-kips 


[5-53] 


Suspecting that deflection could be a problem, we will compute the required moment of 
inertia, 


Maximum total A = wd 30012) = 1,4 in, 


240 240 
47. _SWwht  _ 5(0.8125/12)30x 12) 4... 
Required J 384EA. ~"384(29, 000)(1.5) = 340 in. 
Check the Z, table for M,/Q, > 91.4 ft-kips and J, > 340 in.4 
Trya Wi6 x31, Me = Me ~ 135 f-kips> 91.4 ft-kips (OK) 


Qs Q, 
Jy = 375 in’ > 340in.6 (OK) 


Total deflection, including beam weight is 


doe Swh4 _ 5[(0.3125 + 0.026 + 0.500)/12](30 x 12)* 


384EI 384(29, 000)(375) 
= 1,41 in. < 1.5 in. (OK) 


Check moment for beam weight: 
Ma = 91.44 4 (0.031)(30)? = 94,9 ft-kips < 135 ft-kips (OK) 


Vn 
Q, 


V, = 8129 30) 129 kips < 87.3kips (OK) 


Check shear: From the Z, table, = 87.3 kips 


Use a W16 x 31 


5.11-6 


Slab weight = $5 (150) = 62.5 psf. For beams, use 35 Ib/ft 


wp = 62.5(5) = 312.5 lb/ft, wz = (80 + 20)(5) = 500 lb/ft 
(a) Wy = 1.2wp + 1.6wz = 1.2(312.5) + 1.6(500) = 1175 lb/ft 
Beam reaction = = is ae x 2 = 35.25 kips 


| | 35.25 k (typical) 


sob sie 5 oles 4 


52.88 k 52.88 k 


[5-54] 


Girder reaction = 228 ee 52. 88 kips 


M, = 52.88(10) ~ 35.25(5) = 353 ft-kips 
Try a W21 x 44, 5M, = 358 ft-kips > 353 ft-kips (OK) 
Check weight: 


M, = 353 + 4.2 x 0.044)(20)? = 355 ft-kips < 358 ft-kips 


Check shear: From the Z, table, ¢,V, = 217 kips 
V, = 52.884 120.0 20). §3.4kips <217kips (OK) 


(b) Wa = Wo +we = 312.5 +500 = 812. 5 lb/ft 
Beam reaction = 2 8L 30) 2 = 24,38 kips 


|_| 


rT  . 
sik soles hos 


36.57k 36.57 k 


24.38 k (typical) 


Girder reaction = 2#38C). — 36. 57 kips 


M, = 36.57(10) — 24.38(5) = 244 ft-kips 


M, _ M, 
a” oO, = 265 ft-kips > 244 ft-kips (OK) 


Try a W21 x 48, 


Check bear weight: 
Ma = 244+ 500. 048)(20)? = 246 ft-kips < 265 ft-kips (OK) 


Check shear: From the Z; table, a = 144 kips 


(OK) 


Use a W21 x 44 


Vy = 36.574 288 20) _ 37.1 kips<144kips (OK) Use a W21x 48 


5§.11-7 


Slab weight = 2; (150) = 62.5 psf. For beams, use 35 Ib/ft x 30 ft = 1050 Ib/beam 


Expressed as a distributed load, the weight of the beams is 1030 x3 223157,:5 Ib/ft 


wp = 62.5(30) + 157.5 = 2033 lb/ft, wz = (80+ 20)(30) = 3000 lb/ft 


[5-55] 


(a) wy = L.2wp + 1.6wz = 1.2(2.033) + 1.6(3.000) = 7. 240 kips/ft 
My = pul? = + (7.240)(20)? = 362 ft-kips 
Try aW21 x48, $,M, = 398 ft-kips > 362 fi-kips (OK) 
Check weight: 
M, = 362+ 41.2 x 0.048)(20)? = 365 fi-kips < 398 fi-kips (OK) 
Check shear: From the Z, table, dy, = 217 kips 


Vii EeNCO) 


= 72.4kips<217kips (OK) Use a W21 x 48 
(b) Wa = wp + wz = 2033 + 3000 = 5033 lb/ft 
Ma = 4wal? =  (5.033)(20)? = 252 fi-kips 


My. Mp 
Oy” Oe 


Try a W21 x 48, = 265 fi-kips > 252 ft-kips (OK) 


Check beam weight: 
M, = 252 + -q (0.048)(20)? = 254 ft-kips < 265 ft-kips (OK) 


Vn 


Check shear: From the Z, table, fe) 
¥ 


= 144 kips 


Va 


2.05309) = 50.3 kips< 144 kips (OK) Use a W21 x 48 


Se 
5.12-1 
(a) Fora W16 x 31, by = 5.53 in, ty = 0.440 in, and S, = 47.2 in.? 
Check to see if the flange holes need to be accounted for. The gross area of one flange is 
Ag = tbr = 0.440(5.53) = 2. 433 in.? 
The effective hole diameter is 


oe ere eee 
dh=_te 1 in. 


and the net flange area is 
Ap = A - try dy = 2.433 —0.440(2 x 1) = 1,553 in? 
F Am = 65(1.553) = 100. 9 kips 


Determine Y;. For A992 steel, the maximum F,,/F, ratio is 0.85. Since this is greater than 
0.8, use FY; = 1.1, 


Y,FyAge = 1.1(50)(2.433) = 133. 8 kips 


[5-56] 


Since FyAjm < Y.FyAyg , the holes must be accounted for. From AISC Equation F13-1, 


Mn = a7 ae ~ 100.9 (47.2) = 1957 in.-kips = 163.1 fi-kips. My = 163 fi-kips 
i . 


(b) Unreduced strength = M, = FyZx = 50(54.0) = 2700 in.-kips (compact shape) 
Change = Jest emo x 100 = — 27.5% Reduction = 27.5% 


5.12-2 

(a) Fora W21 x 48, by = 8.14 in, ty = 0.430 in., and S, = 93.0 in? 

Check to see if the flange holes need to be accounted for. The gross area of one flange is 
Afg = tebe = 0.430(8.14) = 3.500 in.? 

~ The effective hole diameter is 

1.7 


re ex cee oe! 
d= t+ ¢ in. 


and the net flange area is 
Ap = Ag ~ tf Xian = 3.500 -0.430(2 x 2) = 2.748 in? 


FA = 65(2.748) = 178. 6 kips 


Determine Y;. For A992 steel, the maximum F’/F, ratio is 0.85. Since this is greater than 
0.8, use Y; = 1.1. 


Y,FyAg = 1.1(50)(3.500) = 192. 5 kips 
Since FuAp, < YF yAs , the holes must be accounted for. From AJSC Equation F13-1, 


M, = udm, — 178.6 (93,0) = 4746 in-kips = 395.5 ft-kips. My, = 396 ft-kips 

Arg 3.500 te 
(b) This is a noncompact shape (see footnote in Dimensions and Properties tables). Since 
there is continuous lateral support, the unreduced strength will be based on flange local 
buckling. 


te ORS 0.7F,S.)( a ) 


For the flange, 4p = 0.38,/-2220 = 9.152, a, = 1.0/0? = 24,08 


A= os =9.47 (Ap<A<A, .. flange is noncompact) 
f 


[5-57] 


My = FyZ, = 50(107) = 5350 in.-kips 


My = 5350 — (5350 —0.7x 50x 93.0)( 247 — 9.132. ) 


= $305 in.-kips = 442. 1 ft-kips 
Change = 335.5 a2. x 100 = — 10.54% Reduction = 10.5% 


5.12-3 

(a) Fora W18 x 35, by = 6.00 in, ty = 0.425 in., and S, = 57.6 in. 

Check to see if the flange holes need to be accounted for. The gross area of one flange is 
Aje = trbg = 0.425(6.00) = 2.55 in.? 

The effective hole diameter is 


ee a ae A 
d= ats z in. 


and the net flange area is 


Am = Ap -tDodn = 2.55 ~0.425(2 x q) = 1, 806 in? 
FyAjm = 65(1.806) = 117. 4 kips 


Determine ¥;. For A992 steel, the maximum F,/F’, ratio is 0.85. Since this is greater than 
0.8, use Y,; = 1.1. 


YF yA = 1.1(50)(2.55) = 140. 3 kips 
Since FAm < ¥,FyAg , the holes must be accounted for. From AISC Equation F13-1, 


My = aoe = YL4 (57.6) = 2652 in.-kips = 221 ft-kips. My = 221 ft-kips 
: Mn = 221 fi-kips 


(b) Unreduced strength = M, = FyZ, = 50(66.5) = 3325 in.-kips (compact shape) 


Change = #63 = 3825 x 100 = —20.2% Reduction = 20.2% 
5.13-1 


Deadloads: Slab weight = 5 (150) = 50,0 psf 


Assuming a joist weight of 3 psf, wp = (50+3+5)(3) = 174 lb/ft 
wy = 80(3) = 240 lb/ft 
wy = 1.2wp + 1.6w, = 1.2(174) + 1.6(240) = 593 lb/ft 
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From Figure 5.35, for a span length of 20 ft, a 16K3 has a capacity of 615 Ib/ft >593 ib/ft, 
and the approximate weight is 6.3/3 = 2. 1 psf <3 psf estimated. 


Use a 14K4 


§,13-2 
Assuming a joist weight = 4 psf, wp = (4 +32 +5)(4) = 164 lb/ft 
wy = (40 + 20)(4) = 240 lb/ft 
Wy = 1.2wp + 1.6w, = 1.2(164) + 1.6(240) = 581 lb/ft 


From Figure 5.35, for a span length of 22 ft, a 16K4 has a capacity of 609 lb/ft > 581 lb/ft, 
and the approximate weight is 7.0/4 = 1.75 psf <4 psf estimated. 


Use a 16K4 
Deflection is not likely to be a problem, because it would take a service live load of 289 


kips/ft to cause a live load deflection of L/360, and the live load in this problem is only 240 
lb/ft (including the partition load). 


514-1 


(a) Factored load = R, = 1,6(85) = 136.0 kips 


Determine the length of bearing N required to prevent web yielding. From AISC Equation 
J10-2, the design strength for this limit state is 


OR, = O(5k+N)Fytw 
For oR, = 
1, 0[5(1.24) + N}(50)(0.375) > 136 => N > 1.05 in. 


Use AISC Equation J10-4 to determine the value of N required to prevent web crippling. For 
Ry, > a Ruy 


ys 
600. 80) 1+3(45) eS NE > Ry 
WwW 
0.75(0.80)(0.375)| 1 ee ( 2.375 ) *] | 29,000(50)(0.645) > 136 


N > 0.2158 in. 


Since the required N is so small, a minimal plate is needed. Use a plate whose dimensions 
conform to the details of the applied load. 


(b) Service load = Rg = 85 kips 


Determine the length of bearing N required to prevent web yielding. From AISC Equation 
J10-2, the allowable strength for this limit state is 
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Ry, Sk+N)Fyty 
~ QQ) 


4): 
For he > Ry 
(5(1.24) +N450)(0.375) Bee 23. ee Grek. 


Use AISC Equation J10-4 to determine the value of N required to prevent web crippling. For 


fy >R, 


LS 
0. 8073] 1+3( a) (+) at 


csrssne taal ots) 8) "| 29, 000(50)(0. 645) 


Lio 0,375 > 85 


N > -0.451 in. (A bearing plate is not needed for this limit state.) 


Since the required N is so small, a minimal plate is needed. Use a plate whose dimensions 
conform to the details of the applied load. 


§.14-2 
(a) The factored load reaction is 
Ry = 1.2D+1.62L = 1.2(28) + 1.6(56) = 123.2 kips 


Determine the length of bearing N required to prevent web yielding. From AISC Equation 
J10-3, the nominal strength for this limit state is Ry = (2.54+N)Fyty 


For OR, > Ry, 
1,0[2.5(1.32) + N](50)(0.520) > 123.2 = N > 1.438 in. 


Use AISC Equation J10-5 to determine the value of N required to prevent web crippling. 
Assume that N/d > 0.2 and try the second form of the equation, J10-5b. For #Rn > Ru, 


‘i 
6(0.40)e3] 1 + (4¥-0.2) | [ Aote if oR 
2 (2 0.520. yl 29, 000(50)(0.670) 
0.75(0.40)(0, 520) E + i AN. — 0,2) (9-520) } | 2%,00060)(0.670) 5 193.9 


N > 2.692 in. 
Check the assumption: 


AN, ss e692: ES 
NW = 5822 = 9.064 107-<0.2 (NG) 


For W/d < 0.2, AISC Equation J10-5a applies: 
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$(0.40)¢4| 1 +3(%) (=) a eeu > Ry 


2 N 0.520 “| 29, 000(50)(0. 670 
0.75(0.40)(0. 520) E +3(5A,) (2522 ) [2.0000 0)0.670) > 123.2 
9 


N> 1.609 in. and © = 1009 25 418x107<0.2 (OK) 
d 


Try N = 6in. Determine B. 


Since the support area will be larger than the bearing plate, 
Py = 0.85f' At p42 <1.7fh'A1  (AISC Eq. J8-2) 


As an initial trial, assume conservatively that the full area of the support is in contact, and 
P, = 0,85f.’A; — (AISC Eq, J8-1) 

Let bePp > Ry : 0.60(0.85)(3)A; = 123.2 => A; > 80.52 in.? 

Then B > 80.52/6 = 13. 42 in. 

Try a6 x14 plate. Support width is then § x16. 


a | BUG) 
VATA, = | eagy = 1.234 


Let @cPp > Ru: be (0.85fe"A1fAa/A1 ) > Ru 
0.60(0. 85)(3)41(1.234) = 123.2 => A, > 65.25 in.? 
Try B = 65.25/6 = 10.88 in. Trya6 x11 plate. Support width is then 8 x13. 


= | 83) = 
JAVA, = 6(11) 1, 255 


0.60(0.85)(3)41(1.255) > 123.2, Solution is: 464. 16 < Ai} 
For a6 x11 plate, 4; = 66 in.? > 64.16 in. = (OK) 
Check upper limit of AISC Equation J8-2: 

1.7f-’A; = 1.7(3)(66) = 337 kips 


0.85f' Ai On = 0,85(3)(66)(1.255) = 211 kips < 337 kips (OK) 


Plate thickness: n= Bu2k . 1) ~ 201.32) = 4,18 in. 


2 2 
2.22Ryn® _ {2.22(123.2)(4.18)? _ be 
BNF, 6(11)(36) = ], 418 in., usel in. 


Use aPL14x6x0' — 11” 


(b) The service load reaction is 
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Rg = D+L=28+56 = 84 kips 
Determine the length of bearing NV required to prevent web yielding. From AISC Equation 
J10-3, the nominal strength for this limit state is R, = (2.54 +N)Fyty 


For a 


2 Rg 
7 Ls zy [2.5(1.32) + N](50)(0.520) = 84 => N > 1.546 in. 

Use AISC Equation J10-5 to determine the value of N required to prevent web crippling. 
Assume that N/d < 0.2 and try the first form of the equation, J10-5a. For Be > Ra, 


1.5 
Fco.4oa)[1+3(A) (2) ]/ ee mE > p, 
ak ; Ne) (520) Ls 1 39, 000(50)(0, 670) 
Fo LO: 40(0.520) : . ae aie, 4 0.520 = 34 


N > 1.975 in., and A = 1375 4.975. ~ 6650x102 < 0.2 (OK) 


29,7 
Try N = 6in. Determine B. 


Since the support area will be larger than the bearing plate, 
P, = 0.85f:" Ay oo <1.7f'A1  (AISC Eq. J8-2) 
i 


As an initial trial, assume conservatively that the full area of the support is in contact, and 
P, = 0.85f-°A; — (AISC Eq. J8-1) 


rele oR SBS AL > 84 => Ay > 82.35 in? 


Q2 
Then B > 82,35/6 = 13. 73 in. 


Try a6 x14 plate. Support width is then 8 x16. 


Taalae & aR = 1.234 


P 
Let 2 >Ra: A (0.85f'A1 Av/Ar ) > Ra 
BoC Beh es. <P seeming 


Try B = 66.74/6 = 11.12in. Trya6 x12 plate. Support width is then 8 x14 


falay = aa = 1.247 


9.85(3)4 (1.247 >84 = A; > 66.04 in? 


For a 6 x12 plate, 4; = 72 in.? > 66.04 in.2 (OK) 
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Check upper limit of AISC Equation J8-2: 
1.7f-'A, = 1.7(3)(72) = 367 kips 


0.85 fe’ At | 42 = 0,85(3)(72)(1.247) = 229 kips <367kips (OK) 
Plate thickness: = B=2k . 12> 20.32) = 4, 68 in. 


2 
3.34Ran? 3.34(84)(4. 68) - 
> ee = | 3.: e * 
fe BNF, 6(12)(36) 1, 54 in., usel ; in, 


Use a PL 14 x 6x 1’—0” 


§.14-3 
(a) The factored load is P, = 1.2D+ 1.6L = 1.2(65) + 1.6(195) = 390.0 kips 
Compute the required bearing area. From AISC Equation J8-2, 


Py = 0.85f.'A1 [4% $1. 7fe'A 


For @c-Pp = Pu; 


0.60| 0.85(3.5)4 Ee | >390 = A, > 187 in? 


Check upper limit: 

cl. 7fe'A1 = 0.60(1.7)(3.5)(187) = 668 kips > 390 kips (OK) 
The plate must be as large as the column: = byd = -12.1(12.5) = 151 in.? < 187 in.” 
Try B = N = 14 in., with 4; provided = 14(14) = 196 in.? > 187 in.? 

m= Na0.25d = 14 = 0.99(12.5) = 1. 063 in. 


n= B= D.8be ig 802) pris 


n’ = 4 ad # 4 f12.502.1) = 3.075 in. 
Conservatively, let A = 1.0, resulting in 


§ = max(m,n, An’) = max(1.063,2.16,3.075) = 3. 075 in. 


or ae) ae I 2390) ha 4s 
Required ¢ = 0-S0BNF, 3.075 9.90(14)(14)(36) 1.08 in.; use 1 in. 


Use a PL14 x 14x 14 


(b) The applied load is Pa = D+L = 65+195 = 260 kips. 
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Compute the required bearing area. Using AISC Equation J8-2, 


ED > Pa 
aha | 0850-5)41 ee | = 260 5. ApS eP e? 


The upper limit is 


Gre’) _ sig ld-NG.5)087)] = 445 kips> 260kips (OK) 


The plate must be as large as the column: 
bed = 12.1(12.5) = 15] in? < 187in.2 (OK) 

Try B = N = 14 in., with A; provided = 14(14) = 196 in.? > 187 in? 
m = N=O.05d _ I4— 0.9902.) = 1,063 in, 


:= B~0.8be 2 eric) Sige 


n= 4 1b; - 4 112.502. 1) = 3.075 in. 
Conservatively, let A = 1.0, resulting in 

0 = max(m,n,An’) = max(1.063,2.16,3.075) = 3.075 in. 
From Equation 5,20, 


Pe F360) tae 
‘21 BNP IGT oY Maeve? ee 


Use a PL 1+ x 14x 14 


5,.14-4 
(a) The factored load is P, = 1.2D+1.6£ = 1.2(20) + 1.6(50) = 104.0 kips 
Compute the required bearing area. From AISC Equation J8-2, 


Py = 0.85f7'Ay rts <1.7fe'Ai 


For @cPp > Pu, 


0.60 0.85(3)4: wee) | ioe oS ses ae pin? 


Check upper limit: 
bcl.7fc'A = 0.60(1.7)(3)(32.1) = 98.2 kips< 104 kips  (N.G.) 
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Let @c1.7f-'A1 = Pu,  0.60(1.7)(3)A1 = 104 => A, = 34.0 in? 
The plate must be as large as the column: 

byd = 7.96(9.73) = 77.5 in? > 34.0 in? — (N.G.) 
Try B = N = 12 in,, with A; provided = 12(12) = 144 in.* > 77.5 in.” 

m= N= 095d . 12=0.950.79) _ 1.378 in, 


ee BoG8 = 12 = 0.87.96) = 2.816 in. 


n= 4 a = 4 9.73(7.96) = 2.2 in. 
Conservatively, let A = 1,0, resulting in 


¢ = max(m,n, An’) = max(1.378,2.816,2.2) = 2. 816 in. 


F _ 2P,, - 2(104) 7 eo! 5: 
Required ¢ = 0 0.00BNF, 2.816 9-50(12)(12)(36) 0,595 in.; use + in. 


Use a PL : x 12x 12 


(b) The applied load is P, = D+ L = 20+50 = 70 kips. 
Compute the required bearing area. Using AISC Equation J8-2, 


ZL. > P, 


c 


bg | 0.850804 ae |27 => A, 232.7 in2 


The upper limit is 

AU's) = ste l.7)3)82.7)) = 66.7 kips < 70kips  (N.G.) 
The plate must be as large as the column: 

bpd = 7.96(9.73) = 77.5 in.? > 32.7 in? (N.G.) 
Try B = N = 12 in,, with 4; provided = 12(12) = 144 in? > 77.5 in? 

m= N=0.95d . 2—0.990.72) - 1.378 in, 


n = Ba0.8be 12 = 0. 8(7.96) eget 


n= 4 fab; a 4 J9.73(7.96) = 2,2 in. 
Conservatively, let A = 1.0, resulting in 
0 = max(m,n, An’) = max(1.378, 2.816, 2.2) = 2. 816 in. 


From Equation 5.20, 
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EE 2(70) ee 
> semenscuunsaaasssussseacistiseoawrnnmssion® PE rete: Secdindy eee = 5) 
ae BNF)/1.67 eenhe 12(12)(36)/1.67 0.598 in.; use = in. 


Use a PL + x 12 x 12 


5.15-1 


Compute the nominal flexural strength for x-axis bending. The following data for a W18 x 
55 are obtained from the Z, table. The shape is compact (no footnote to indicate otherwise) 
and 


L, = 5.90 ft, LZ, = 17.5 ft 


The unbraced length Z, = 16 ft,so L, < L, < L,, and the controlling limit state is inelastic 
lateral-torsional buckling. 


Mie Col Mp i a 0.7FS.)( =F | < Myr 


Mpx = FyZx = 50(112) = 5600 in.-kips 
If the beam weight is neglected, C, can be obtained from Figure 5.15 as Cy = 1.32 


Mr, = 1.32[ 5600 ~ (5600 ~ 0.7 x 50 x 98.3)(16= 5,20.) ] 


= 4910 in.-kips = 409.2 ft-kips = (< Mpx) 
For the y axis, since the shape is compact, there is no flange local buckling and 


My = Mp = FyZy = 50(18.5) = 925.0 in.-kips = 77.08 ft-kips 


Check the upper limit: 
2p eS eee . 
BT Tg 756 < 16 May = My = 77.08 ft-kips 


(a) LRFD solution: 
bsMyx = 0.90(409.2) = 368.3 ft-kips,  geMyy = 0.90(77.08) = 69. 37 ft-kips 
Py, = 1.2(15) + 1.6(15) = 42.0 kips, wy = 1.2(0.055) = 0.066 kips/ft 
My = 42008) ,, 2.066016)" 170.1 tekips 


For y-axis bending, 
1,2(2) + 1.6(2) = 5.6 kips 
My = 22-908). 44,8 ft-kips 


Check interaction equation 5.23: 


a a ee UO AE eee EG) 


bsMnx boMny - 368.3 69.37 
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W18 x 55 is unsatisfactory. 
(b) ASD solution: 


Mn . 409.2 _ ki My _ 77.08 _ ki 
O16) = 245.0 ft-kips, O; 167 46. 16 ft-kips 


2 
My = 2008) 4, 08500)" — 121.8 fiekips 


For y-axis bending, 
Mey = 7?QO9 — 39.0 ft-kips 


Check interaction equation 5.24; 


—_ Max May _ 121.8 32, Ct 
Maio, * Milos * 2450 ae.16e E> US) 


W18 x55 is unsatisfactory 


5.15-2 
(a) LRFD solution 
Strong-axis bending: 


Py = 1.6(4 x 24) = 30.72 Kips, = Mu = 30.72 30) _ 930. 4 fi-kips 


From the beam design charts, for Z, = 30 ftand.C, = 1.0, ¢,Mn = 593 ft-kips 
For C, = 1.32 (from Figure 5.15), 
b5Mnx = 1.32 x 593 = 782. 8 fi-kips > @,Mpx = 720 ft-kips 
. use b65Myx = 04Mpx = 720 ft-kips 
Weak-axis bending: 
P, = 1.6( 2x24) = 23.04 kips, My = 2-909) — 172. 8 f-kips 


From the Z, table, @sMn, = 348 fi-kips 


Check interaction equation 5.23: 


ri ia iis = 230.4 4 1728 -0.817<1.0 (OK) 
Satisfactory. Result of interaction equation = 0.817 
(b) ASD solution 
Strong-axis bending: 


19,2(30) 
4 


P,= 4 x24=19.2kips, Ma = = 144.0 ft-kips 
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From the beam design charts, for Ly = 30 ft and Cs = 1.0, oe = 395 ft-kips 


For Cs = 1,32 (from Figure 5.15), 


Mrs. 1.32 x 395 = 521.4 fi-kips > “2 = 479 fi-kips 


QQp QQ, 

‘ Mnx ae Mpx = ale] 

nse “5. a, 479 ft-kips 
For y-axis bending, 

Pr= 2x24 =14.4kips, May = +*4G0) ~ 108.0 f-kips 

Mrx FH 
From the Z, table, Oo; 231 ft-kips 
Check interaction equation 5.24: 
Max My  _ 144.0 , 108.0 . 9.768 <1.0 (OK) 


MulQy ~ MulQs 479 ~ 231 


Satisfactory. Result of interaction equation = 0,768 


§.15~-3 


Compute the nominal flexural strength for x-axis bending. The following data for a W21 x 
68 are obtained from the Z, table. The shape is compact (no footnote to indicate otherwise) 


and 


Ly = 6.36 ft, L, = 18.7 ft 


The unbraced length Ly = 12 ft,so Lp, < Ly < L,, and the controlling limit state is inelastic 


lateral-torsional buckling. 


Mx = Co Myr ~ (Myr ~ 0.7FS,)( 2=ZE ) |< Mm 
r— Lp 
From Figure 5.15, C, = 1.14 


Myx = 1.14] 8000 - (8000 - 0.7 x 50 x 140) ( -12=6.36-.) | 


= 7505 in.-kips = 625.4 ft-kips — (< Mpx) 
For the y axis, since the shape is compact, there is no flange local buckling and 


Muy = Mpy = FyZ, = 50(24.4) = 1220 in.-kips = 101.7 ft-kips 


Check the upper limit: 
2 24.4 pe aaa fe 
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(a) LRFD solution: 
b6Mnx = 0.90(625.4) = 562.9 ft-kips,  bsMny = 0.90(101.7) = 91.53 ft-kips 


Wie = 1.2(0.068) + 1.6( Jw = 5. 806 kips/ft 


Z 
- 5-806 = 104. 5 ft-kips 


Way = 1.6] Fe | = 2. 862 kips/ft 


2 
My = * 882020" ~ 51, 52 fi-kips 


Check interaction equation 5.23 (use 1/2 of weak-axis bending strength): 


Mu, Muy _ 104.5 4 51.52. 2 1,31>1.0 (NG) 


biMm  b6My 562.9 91, 53/2 


W21 x 68 is unsatisfactory. 
(b) ASD solution: 


i 


Mn _ 625.4 a Mp og MOLT ki 
Ge 167 = 374, 5 fi-kips, 0; 67 = 60. 90 ft-kips 


2 
war = 4(2/{5 ) +0.068 = 3. 646 kips/ft, May = 2846012)" 


= 65. 63 ft-kips 


2 
Way = 4(1SS) = 1.789 kips/ft, May = + B2U2)" - 39.2 frkips 


Check interaction equation 5,24 (use 1/2 of weak-axis bending strength): 


Ma, May _ _. 65.63 5 32.2 1.23>1.0 (NG) 


MalQy * MylQ, ~ 374.5 * 60.90/2 


W21 x 68 is unsatisfactory 


5.15-4 


(a) Strong-axis bending strength: 
From the beam design charts, for Lp = 10 ft and Cy = 1.0, @sMn = 372 ft-kips 
Compute C4. 

Wa = 1.2wp = 1.2(0.061) = 0.0732 kips/ft 

Pay = 1.2Ppe + 1.6Pix = 1.2(0.3 x 15)(4) + 1.6(0.7 x 15)( +) = 17.76 kips 


Wal 4 Py = S075210) 


Reaction = +17.76 = 18. 13 kips 
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17.76 k 17.76 k 


| _ P| bora 


Pae4 A 


| 
boston 2,5! ~ 235 t 


18.13k 18.13 k 


Dividing the unbraced length into 4 equal segments of 10/4 = 2. 5 ft each and labeling the 3 
interior points A,B, and C, we obtain 


Ma = Mc = 18.13(2.5) — 0.0732(2.5)7/2 = 45. 10 ft-kips 
Mp = Mimax = 18.13(5) — 0.0732(5)?/2 - 17.76(2) = 54. 22 ft-kips 


i 12. 5Mrnax 
0 2. 5Mmnax + 3M, + 4Mg + 3M 
= — 12505 4.22) 8 ge 
2.5(54.22) + 3(45. 10) + 4(54.22) + 3(45.10) 
For C, = 1.088, 


b+Mn = 1,088 x 372 = 404.7 ft-kips > ¢sMpx = 383 ft-kips 
“. use 6>Mnx = byMpx = 383 ft-kips 
Weak-axis bending strength: From the Z, table, ¢5,M,, = 123 ft-kips 
Weak axis bending moment: 
Reaction = Py = 1.2Pp,+ 1.6Pry 
= 1,2(0.3 x 15)(2) +1.6(0.7 x 15)(2) = 13. 32 kips 


13.32 k 13.32k 
a A 
! | ’ ? 
f aad 4 — 
13.32k 13.32 k 


My = 13.32(3) = 39. 96 ft-kips 


Use 1/2 of weak-axis bending strength in the interaction equation: 
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Mux My  _ 54.22 , 39.96 .. 
biMn + Gi 383 + 15379 0.791 < 1.0 (OK) 


Adequate. Result of interaction equation = 0.791 
(b) Strong-axis bending strength: 
From the beam design charts, for L, = 10 ft and Cs = 1.0, ae = 248 ft-kips 
Compute Cp. 


Wee = Wy = 0.061 kipsift, Par = Pox + Pur = 15( 4) = 12.0 kips 


Reaction = Wark + Pa = 0.061(10) + 12.0 = 12.31 kips 
5 2 P 


12.0k 12.0k 


0.061 k/ft 
i De A B C 


Lasp-as das os 


12.31k 12.31k 


Dividing the unbraced length into 4 equal segments of 10/4 = 2. 5 ft each and labeling the 3 
interior points A, B, and C, we obtain 
Mg = Mc = 12.31(2.5) — 0.061(2.5)?/2 = 30. 58 ft-kips 


Ma = Mmax = 12.31(5) — 0.061(5)2/2 — 12.0(2) = 36. 79 ft-kips 


Ges 12. 5Mmax 
2.5 Mmax +3Mat 4Mant+ 3Mc 
_ 12.5(36.79 1.088 
7, 5(36.79) + 3(30. 58) + 4(36.79) + 3(30.58) 
For Cy, = 1.088, 


Mu _ = hc 6 Maas 
Oo; 1.088 x 248 = 269. 8 ft-kips > an 254 ft-kips 

‘ Max wa Mpx i= J : 

“. use ro ema 6 ee 254 ft-kips 


Weak-axis bending strength: From the Z, table, e = 81.8 ft-kips 


Weak axis bending moment: 


Reaction = Pay = Poy + Pry = 15 (2) = 9.0 kips 
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Use 1/2 of weak-axis bending strength in the interaction equation: 


Max My _ 36.79 , 27.0. _ 
Mal” Mal 24 siep OS 


Adequate. Result of interaction equation = 0.805 


5.15-5 


Compute the nominal flexural strength for x-axis bending. The following data for a W18 x 
35 are obtained from the Z, table. The shape is compact (no footnote to indicate otherwise) 
and 


Lp = 4.31 ft, L, = 12.4 ft 


The unbraced length Ly = 10 ft, so LZ, < L, < L,, and the controlling limit state is inelastic 
lateral-torsional buckling. 


Leek 
Mn = Ci] Mn ~ (Mpx — 0.7F,53)( oe I < Mp, 
rip 


My = FyZ, = 50(66.5) = 3325 in.-kips- 
From Figure 5.15, Cy = 1.14 


My = 1.14[ 3325 - (3325 ~ 0.7 x 50 x 57.6)(10=4,31 ) ] 


= 2741 in.kips = 228.4 ft-kips  (< Mpx) 
For the y axis, since the shape is compact, there is no flange local buckling and 


My = Myy = FyZy = 50(8.06) = 403.0 in.-kips = 33.58 ft-kips 


Check the upper limit: 
4y , 8.06 _ eae 7 
Sy 7 5,12 = 1.57 < 1.6 *) Mny = Mpy = 33.58 ft-kips 


(a) LRFD solution: 
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bsMu. = 0.90(228.4) = 205.6 fi-kips,  dsMny = 0.90(33.58) = 30. 22 ft-kips 


2 
War = 1.6(1.2)(4/5) = 1, 536 kips/f, My = +°3809)" — 19.2 feekips 


2 
Way = 1.6(1.2)(3/5) = 1.152 kips/ft, = My = L1eee = 14.4 fi-kips 


Check interaction equation 5.23. 


For the loading condition of Figure P5.15-5(a), use the full weak-axis bending strength: 


Ma , Muy _ 19.2 14.4 _ 
Mo Ge 205.6 a0 (OK) 


Beam is satisfactory for the loading of Fig. P5.15-5(a). 
For the loading condition of Figure P5.15-5(b), use 1/2 of the weak-axis bending strength: 


Mx Muy _ 19.2 14.4 _ 
b.M nx * GiMy ~ 205.6 +0202. LOS ee AS 


Beam is unsatisfactory for the loading of Fig. PS.15-5(b). 


(b) ASD solution: 


Mrs. 228.4 “ki Mny _ 33,58 : 
Go = “Cee = 136.8 ftkips, Gp = “ge = 20. 11 flips 


i 


Wax 


2 
1.2(4/5) = 0.96 kips/ft, Ma = 22009)" — 12.0 f-kips 


Way = 1.2(3/5) = 0.72 kips/ft, May = 9.0 ft-kips 


_ 0.72(10)? 
8 

Check interaction equation 5.24: 

For the loading condition of Figure P5.15-5(a), use the full weak-axis bending strength: 


Max MAB <5 NOD is OO 
wo Mo es eS 


Beam is satisfactory for the loading of Fig. P5.15-5(a) 
For the loading condition of Figure P5.15-5(b), use 1/2 of the weak-axis bending strength: 


Max Mii in, GRO 5 G0, 2 
iG Melon eek Doe ee OY 


Beam is satisfactory for the loading of Fig. P5.15-5(b) 


5.15-6 


Before proceeding to the LRFD and ASD solutions, we will compute the nominal flexural 
strength about the x and y axes. First, determine the strong-axis bending strength. Neither 
the beam design charts nor the Z tables include shapes smaller than W8, so the flexural 
strength of the W6 x 12 must be computed. From the dimensions and properties tables, the 
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shape is compact (no footnote). The following properties of a W6 x12 will be needed: 


A = 3,55 in.?, S, = 7.31 in3,Z, = 8.30 in? ly = 2,99 in.4, ry = 0.918 in., Sy = 1,50 in.?, 
rs = 1.08 in., hp = 5.75 in., J = 0.0903 in.4 
29,000 


Lp = 1.76ry |-B = 1.76(0.918) 5p = 38.91 in. = 3. 243 ft 
Pd 


From AISC Equation F2-6, 


3 _#£_ |_Je OT ihe \! 
eG Toh Sh, 1+ 1 +6.76( Bic 


2 
= 1,95(1.08)-29:000 [0.090300 ” 146,76 0.7(50)(7.31)(5.75 


0.7(50) 29, 000(0.0903)(1. 0) 


= 134,6in. =11. 22 ft 
For Ly = 10 ft, LZ, < Ly < L,, so 


M, = Cs) M, — (My - 0.7F yS, \( = 2 } | <M, (inelastic LTB) 
r p 


Cy = 1.14 (see Fig. 5.15 in textbook). 
M, = FyZ, = 50(8.30) = 415.0 in.-kips = 34. 58 ft-kips 


; ons —10= 3.243 
M, = 1.14[ 415 (415 0.7 x 50 x 7.31) (+10 = 3.243... ) ] 


= 319.4 in.-kips = 26. 62 ft-kips < M, 
For the y axis, since the shape is compact, there is no flange local buckling and 
Mny = Mpy = FyZy = 50(2.32) = 116.0 in.-kips = 9. 667 ft-kips 
Check the upper limit: 


cgay iP ae bis Meee ne | 
iat a 155.6156 ”. Mny = Myy = 9.667 ft-kips 


(a) LRFD solution 
boMnx = 0.90(26.62) = 23.96 fi-kips,  ¢sMny = 0.90(9.667) = 8. 700 ft-kips 


Roof load: Combination 3 controls. 
wy = 1.2D+ 1.68 = 1.2(40/2) + 1.6(40/2) = 56.0 psf 


pie — Fiex V1 -< 
24 4 


Tributary sadth = 47 6) = 6.185 fi 
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Purlin load = 56.0(6.185) = 346. 4 Ib/ft 
Component normal to roof = Wax = 4 (346.4) = 336. | Ib/ft 


si. 
I 
Component parallel to roof = Wy = —==- (346.4) = 84. 01 lb/ft 
ponent p uy Fiz ) 
a Wael? ss + (0.3361)(10)? = 4,201 ft-kips 
i= A wiyk? = + 0,08401)(10)? = 1.08 ft-kips 


Use 1/2 of weak-axis bending strength in the interaction equation: 


Me, My _ 4.201 1.05. 
iM aie ee Gn 


Adequate. Result of interaction equation = 0.415 
(b) ASD solution 


Mm . 26.62. .. ki Mry _ 9,667. _ a 
Oe Ange = 15. 94 Rkips, | GS i gy to: 189 Skips 


Roof foad: Combination 3 controls. 


Wq = D+S = 40 psf 
ules 17 
fee | 6 7 peal 
24' 4 


Tributary width = AT 6) = 6. 185 ft 


Purlin load = 40(6.185) = 247. 4 Ib/ft 


Component normal to roof = Wax = ae 0247, 4) = 240.0 lb/ft 


Fiz 
Component parallel to roof = Way = ep OM 4) = 60.0 lb/ft 
Mex = bWaxk? = (0.240) (10)? = 3.0 fi-kips 
May = eWayl? = 4. (0,060)(10)? = 0.75 ft-kips 

Use 1/2 of weak-axis bending strength in the interaction equation: 


Mex + My 


ST Ren sh eee 
Maon Mj0, ot see 


Adequate. Result of interaction equation = 0.447 


ten rere Te ttt nT rn ht en 
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3,.15-7 


Dead load: assume purlin weighs 20 Ib/ft. 
Other dead load: 


— [ist oe i 


3x 15’ 3 


Tributary width = £10 (15. 5) = 7.906 f 
Wp = 7.906(15) +20 = 138. 6 lb/ft 
7 = aes — 
Snow: ws = ( ; )(20) 150.0 Ib/ft 


(a) LRFD solution 
Load combination 3 controls. 


Wy = 1.2wo + 1.6ws = 1.2(0. 1386) + 1.6(0, 1500) = 0.4063 kips/ft 


4 ; 
Component normal to roof = w,, = —2 (0.4063) = 0.3855 kips/ft 
p' > ( ) p 


Component parallel to roof = wy, = —1_ (0, 4063 = 0.1285 kips/ft 

p Pp y Jt0 ) p 

Mu = twink? = -g (0.3855)(18)? = 15.61 ft-kips 
To compute M,,, use Table 3-22c, “Continuous Beams,” in Part 3 of the Manual. Fora 
two-span continuous beam, the maximum moment is 


My = 0. 125wiy( £ ) * = 0.125(0. 1285)(18.)° = 1,301 ft-kips 


Try a W6 x 12: 


Determine the strong-axis bending strength. The beam design charts in the Manual do not 
contain curves for shapes smaller than W8, so the flexural strength of the W6 x 12 must be 
computed. From the dimensions and properties tables, the shape is compact (no footnote). 
The following properties of a W6 x12 will be needed: 


A = 3.55 in?, S, = 7.31 in}, Z, = 8.30 in.® J, = 2.99 in.*, ry = 0.918 in., Sy = 1.50 in, 
rs = 1.08 in, he = 5.75 in., J = 0.0903 in.4 


Ly = 1.76r, [ = 1.76(0.918) er we = 38,91 in. = 3.243 ft 
‘Pp ¥ Py 


From AISC Equation F2-6, 


Ly = 1.95 rape ie. 1+ 1146.76 fi-sr6( 276s)” 
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7 29,000 fo.ooost.y |, “0.7(50)(7.31)(5.75_\? 
= 1.95(1.08) a ¢sqy 7,316.75) i ao ae 76( 24 29, 000(0.0903)(1.0) } 


= 134.6in, = 11.22 ft 
For Ly = 18/2 = 9 ft, Ly < Ls < L,, 80 


pet, 
Lady 


Cs = 1.30 (see Table 3-1 in the Manual). 
M, = FyZz = 50(8.30) = 415.0 in.-kips = 34. 58 ft-Kips 


M, = Col My — (Mp - 0. 1FySs)( } | <M, (inelastic LTB) 


: re 923.243 
M, = 1.30[ 415 - (415 07x 50x 7-30) a o5 5 3 | 


= 390.2 in.-kips = 32. 52 ft-kips < M, 
b5Mny = 0.90(32.52) = 29. 27 ft-kips 
For the y axis, since the shape is compact, there is no flange local buckling and 


Mny = Mpy = FyZy = 50(2.32) = 116.0 in.-kips = 9. 667 fi-kips 


Check the upper limit: 
Die BAD ne a . 
S, ~ 1.50 = oo ae “. May = Mpy = 9.667 ft-kips 


61Mn, = 0.90(9.667) = 8. 700 ft-kips 


Conservatively, consider all loads, including the purlin weight, to act at the top flange and 
use 1/2 of weak-axis bending strength in the interaction equation: 


Mux Muy = 15,61 o 1. 301 
0M nx PaeMny 29.27 8.700/2 


Weight assumption and shear strength are OK: Use a W6 x 12 
(b) ASD solution 


= 0.832 <1.0 (OK) 


Load combination 3 controls. 
Wa = Wo + Ws = 0.1386 + 0.1500 = 0.2886 kips/ft 
Component normal to roof = Wa = —3_. (0,288 6) = 0.273 8 kips/ft 


J10 
Component parallel to roof = Way = —1..(0,2886) = 9. 126 x 10° kips/ft 
Mex = Wowk? = + (0,2738)(18)? = 11, 09 ft-kips 


To compute May, use Table 3-22c, “Continuous Beams,” in Part 3 of the Manual. Fora 
two-span continuous beam, the maximum moment is 
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Muy = 0. 125wy (4) = 0. 125(0.09126)( 18. )’ = 0.924 fi-kips 


2 
Try a W6 x 12. From Part (a), Mnx = 30.35 fi-kips, Mny = 9.667 ft-kips 
Mea _ 32.52 _ ae2 My _ 9.667 _ ki 
6G, ae 19, 47 ft-kips, On ter > 5. 789 ft-kips 


Conservatively, consider all loads, including the purlin weight, to act at the top flange and 
use 1/2 of weak-axis bending strength in the interaction equation: 


Max My  _ 11.09 , 0.924 _ 
Maly  MalOs. 19.47 °s.9e90 7 8k? <0 X08) 
Weight assumption and shear strength are OK: Use a W6 x 12 
5.15-8 


Dead load: assume purlin weighs 10 Ib/ft. 
Other dead load: 


pee Is ees 2 I 
3* 15' 3 
ree WhO FS Wiw. 
Tributary width = 44— (43) = 7.906 ft 
Wp = 7.906(15) +10 = 128. 6 lb/ft 
; ar ee a8 
Snow: ws = ( ; ) 20) 150.0 Ib/ft 
(a) LRFD solution 
Load combination 3 controls. 
Wy, = 1.2wp + 1.6ws = 1.2(0.1286) + 1.6(0. 1500) = 0.3943 kips/ft 


Component normal to roof = wi = —3_(0,3943) = 0.3741 kips/ft 


10 
Component parallel to roof = w,, = —Le 0.3943) = 0.1247 kips/ft 
p p w= aE ( ) p 
Mux = Pull? = § (0.3741)(18)? = 15.15 fi-kips 


To compute M,,, use Table 3-22c, “Continuous Beams,” in Part 3 of the Manual. For a 
three-span continuous beam, the maximum moment is 


My = 0. 10Wp( 4)” = 0.10(0. 1247)( 48)’ = 0.4489 ft-kips 


Try a W6 x 9: 


[5-78] 


Determine the strong-axis bending strength. The beam design charts in the Manual do not 
contain curves for shapes smaller than W8, so the flexural strength of the W6 x 9 must be 
computed. From the dimensions and properties tables, the shape is noncompact (see 
footnote). 


Compute the strength based on the limit state of flange local buckling. 


M, = FyZx = 50(6.23) = 311.5 in.-kips 


= 20s = 
A ty 9.16 


- | 29,000 i = 29,000 _ 
Ap = 0.38 ak wae oa A, = 1.0 to 24. 08 


My, = 311.5- (311.5 —0.7 x 50 x 5.56)( A16=2.152- ) 


= 311.4 in.-kips = 25. 95 ft-kips 
Lateral-torsional buckling: 
The following properties of a W6 x 9 will be needed: 
A = 2.68 in2, S; = 5.56 in.3,Z, = 6.23 in? I, = 2.20 in.4, ry = 0.905 in., Sy = 1.11 in., 
Z = 1.72 in}, ris = 1.06 in, he = 5.69 in., J = 0.0405 in.4 
Lp = 1.76ry [B= 1.76(0.905) an” = 38. 36 in. = 3. 197 ft 
: 50 


From AISC Equation F2-6, 


0.7F Sho 
c 


Ly = 1.95r9 = Jo {14 1 + 6.76( a 


0.7Fy So 


4 29,000 0.0405(1.0) | ( 0.7(50)(5. 56)(5.69 i 
hae, 0.7(50) ¥ 5.56(5.69) a i 29, 000(0.0405)(1.0) 
= 117.0 in. =9. 75 ft 


For L, = 18/3 = 6 ft, Lp < Ly < Ly, so 


Ly-Lp 
L,-Lp 


Cy = 1.01 (see Table 3-1 in the Manual). 
My = FyZx = 50(6.23) = 311. 5 in.-kips = 25. 96 ft-kips 


; 2 - 6 - 3.197 
M, = 1.01[ 311.5 ~ (311.5 0.7.x 50x 5.56)( 5952353 )] 


Ma = cil M, — (M, - 0.7F,S.)( } | <M, (inelastic LTB) 


= 264.1 in.-kips = 22. 01 ft-kips <M, 
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Lateral-torsional buckling controls. 
boMn = 0.90(22.01) = 19. 81 ft-kips 
Weak-axis bending strength: Since the shape is noncompact, use AISC Equation F6-2: 


An-A 
Mny = Moy oy) (Mpy - 0.77 S,)(7— 


My, = FyZy = $0(1.72) = 86.0 in.-kips 


Mny = 86.0 ~ (86.0 —0.7 x 50 x 1.11)( i= 9152 ) 


9. 
24,08 — 9.152 
= 85. 97 in.-kips = 7. 164 ft-kips 
sMn, = 0.90(7.164) = 6. 448 ft-kips 


Conservatively, consider all loads, including the purlin weight, to act at the top flange and 
use 1/2 of weak~axis bending strength in the interaction equation: 


Mu My  _ 15.15 | 0.4489 _ 
Ma * $sMny ~ 19.81 * 6.44872 ~ 9904 <1.0 (OK) 


Weight and shear strength are OK: Use a W6 x 9 


(b) ASD solution 
Load combination 3 controls. 
Wa = Wo t+ Ws = 0.1286 + 0.1500 = 0.2786 kips/ft 


Component normal to roof=w,, = ae as 0.2786) = 0.2643 kips/ft 
p iti ( ) Pp 


Component parallel to roof = way = —4— (0.2786) = 0.0881 kips/ft 
y J10 


Mex = 4 Wark? = $(0.2643)(18)? = 10.7 ft-kips 
To compute May, use Table 3-22c, “Continuous Beams,” in Part 3 of the Manual. Fora 
three-span continuous beam, the maximum moment is 


Ma = 0.10Wa(£)* = 0.10(0.0881)(48.)* = 0.3172 f-kips 


3 
Try a W6 x 9. From Part (a), Myx = 22.01 ft-kips, M,, = 7.164 ft-kips 
Mm _ 22.01 _ kG Mny _ 7.164 li 
Lae 13. 18 ft-kips, O, ~ 67 = 4,290 ft-kips 


Conservatively, consider all loads, including the purlin weight, to act at the top flange and 
use 1/2 of weak-axis bending strength in the interaction equation: 


Max May _ 10.7 , 0.3127. 
Mn/Q5 ” MulQe ~ 13.18 * 4.29077 = 9958 < 1.0 (OK) 
Weight and shear strength are OK: Use a W6 x 9 
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CHAPTER 6 - BEAM-COLUMNS 


§.2-1 


(a) LRFD solution: 


From the column load tables, the compressive design strength of a W12 x 106 with F, = 50 
ksi and KyL = 1.0x 14 = 14 feet is 


o-P, = 1130 kips 
From the design charts in Part 3 of the Manual, for Ly = 14 ftand C, = 1.0, 

ooM, = 597 ft-kips (Since the bending moment is uniform, Cy = 1.0.) 
The factored axial compressive load is 

P, = 1.2Pp+1.6Pz = 1.2(0.25 x 250) + 1.6(0.75 x 250) = 375.0 kips 
The factored bending moment is 

M, = 1.2Mp + 1.6Mz = 1.2(0.25 x 240) + 1.6(0.75 x 240) = 360.0 ft-kips 


Determine which interaction equation controls: 


ee eee : : : 
bcPn 1130 0.3319 > 0.2 ”. use Equation 6.3 (AISC Equation H1-1a) 
Py 8f Mu My ) Ree i: 8 f 360 

$.Ps + § (Me + oMy J ~ 1130 + g ( 260 +0) = 0.868 < 1.0 (OK) 


This member satisfies the AJSC Specification 


(b) ASD solution: 


From the column load tables, the allowable compressive strength of a W12 x 106 with 
Fy = 50 ksi and K,L = 1.0 x 14 = 14 feet is 


i : 
re 754 kips 


c 


From the design charts in Part 3 of the Manual, for Ly = 14 ft andC, = 1.0, 
ee = 398 ft-kips (Since the bending moment is uniform, Cy = 1.0.) 
The total axial compressive load is P, = 250 kips 
Determine which interaction equations controls: 
Pa _ 250 .0.3316>0.2 _ «. use Equation 6.5 (AISC Equation H1-1a) 


P/Q, 754 


_Pa_ , 8{ Ma, May | _ 250 , 8 ( 240 - 
pie + 8(qie + ee) 23 +£(240 +0) 0.868 <1.0 (OK) 


This member satisfies the AISC Specification 
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6.2-2 
(a) Compute compressive strength (this shape is not in the column load tables). 


For a W18 x 86, A, = 25,3 in.?, ry = 2,63 in., and the shape is not slender (no footnote). 


KL ., 1.020% 12) _ 
alee GEES 91.25 < 200 (OK) 


[ee in! eee m*(29,000) _ 34. 37 ksi 
*  (KLIry? (91225)7 


ee es [29,000 _ 
4.71 Ba 24.71 ee 113.4 


Since KL/r = 91.25 < 113.4, use AISC Eq. E3-2. 
Fey = 0.6584/Fe) Fy = 0,65860437(50) = 27. 20 ksi 
Py = ForAg = 27.20(25.3) = 688. 2 kips 
$-Pn = 0.90(688.2) = 619. 4 kips 


From the beam design charts in Part 5 of the Manual, for L, = 20 ft, $:M, = 552 fi-kips for 
C,= 1. 


For this case , C, = 1.14 (Figure 5.15, textbook), For Cy = 1.14, 
bM, = 1.14 x 552 = 629. 3 ft-kips <¢,M, = 698 ft-kips 
Factored axial load = Py = 1.2D + 1.6L = 1.2(10) + 1.6(20) = 44.0 kips 


a GAO. = 7.104 x 10? <0.2 «. use Eq, 6.4 (AISC Eq. H1-1b): 


P, +( Mix ' My )- O.07104 (Ae +0) = 1.0 


Mix = 606.9 ft-kips 
Let wel? = My: wu(20)? = 606.9 => wy, =12.14kips/t 


Ww, = 1.2wp + 1l.6wz 
12.14 = 1.2(0.086) + 1.6wyz, wz, = 7.52 kips/ft 


(b) From part (a), Py = 688.2 kips, fe = $88.2 — 412. 1 kips 


From the beam design charts in Part 5 of the Manual, for Ly = 20 ft, 


M,, ae led = 
reas 368 ft-kips for C, = 1, 


For this case , Cy = 1.14 (Figure 5.15, textbook). For C; = 1.14, 


Mn “i ibe oe nea 
on 1.14 x 368 = 419. 5 ft-kips < a; = 464 ft-kips 


Axial load =P, = D+L = 10+ 20 = 30 kips 


id ee ae z 
Po a ee 


. use Equation 6.6 (AISC Equation H1-1b) 
Pa ( Max + May -) = 0.07280 5 (Ma Ma +0) =1.0 


P/Q. | \Mx/Qs  Mry/Qe 2 419.5 

Max = 404.2 fi-kips 
Let Wal = Ma: 4wa(20)? = 404.2 = Wa = 8.084 kips/ft 

Wp tw, = 0.0864 w, = 8.084, wi = 8.00 kips/ft 
6.5-1 
In the plane of bending, 


2 2 EI n> (29, 000)(933) 
Pa = mE _ on 2 = 9462 | 
OO (KLY (KL)? (1.0 « 14 x 12)? uierees 


(a) LRFD solution: 
P, = 1.2Pp + 1.6Pz = 1.2(0.25 x 250) + 1.6(0.75 x 250) = 375.0 kips 


i 


BES i-(a@P,/Pa)  1-(.00P/Pa)  1-(375/9462) ~ 
By = 1,04 
(b) ASD solution: Pa = 250 kips 
Cc. on 
By = ——~2- - = penceoners 6 | een hy 
(= Tl (@P/Pa)  1-(1.60PQ/Pa) 1 — (1.60)(375)/9462 ieee 
B, = 1.07 


a Se Senge Os et A cre Se Sc ee 
6.5-2 
In the plane of bending, 


ot Se) * Sa a Ely _ 17(29,000)(1530) _ 7693 kips 


a (KL)? (Kb)? 0.0 x 20. 12)? 
Cais 
(a) LRED solution: 
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Py = 1.2Pp +1.6P, = 1.2(10) + 1.6(20) = 44.0 kips 


cs Cm ee _ Cm nance, Ab EP naR A: vee 3 
i 1 ~ (aP,/P ei) L=(100P./P a) 1 — (44.0/7603) ee 
By = 1.01 
(b) ASD solution: P, = 10+20 = 30.0 kips 
es 1 — (aPr/P es) 1 (1.60 Po/Pet) 1 — (1.60)(30.0)/7603 ee 
B, = 1.01 


6.5-3 
K,L = 0.9(14) = 12.6 ft,  KyL = 1.0(14) = 14 ft. 
(a) LRFD solution: 
From the column load tables, for KL = 14 ft, d-Px = 1130 kips 


From the design charts in Part 3 of the Manual, for Ly = 14 ftand C, = 1.0, ¢,M, = 642 
ft-kips and $,M, = 646 ft-kips. For Cy = 1.6, 


poM, = 1.6(642) = 1027 ft-kips > @,M, “use 5M, = 04M, = 646 ft-kips 

Py = 1.2Pp + 1.6P, = 1.2(0.33 x 342) + 1.6(0.67 x 342) = 502. 1 kips 

Mn = 1.2Mp + 1.6Mz, = 1.2(0.33 x 246) + 1.6(0.67 x 246) = 361. 1 ft-kips 
For the axis of bending, C, = 1.0 and 


2 2 
= OBL _ El, _ 7(29,000)1110) _ 4 399 x 108 kips 


"(KIL (KL)? (12.6 x 12) 


Ul 


Pe: eee Ga ens ee 
*\= F(aP/Pay ~ 12 (.00P,/Pa) i— G02 1713900) ~ 1°? 


M, = B\My + ByaMy = 1.03761. 1) + 0 = 374. 5 ft-kips 


ik 


Determine which interaction equation controls: 


is = at = 0.4443 > 0.2 . use Equation 6.3 (AISC Equation H1-1a) 

clin 

Py , &8{ Me My \ _ 8 ( 374.5 es 

rae ( ie + ini) = 0.4443 + ( ZS +0) =0.960<1.0 (OK) 


This member satisfies the AISC Specification 
(b) ASD solution: 


From the column load tables, for KL = 14 ft, = = 751 kips 


From the design charts in Part 3 of the Manual, for Ly = 14 ftand C, = 1.0, a 428 
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ft-kips and “2. = 430 ft-kips. For Cy = 1.6, 
Qs 
s = 1.6(428) = 684. 8 ft-kips > oe “, use -G? io = 430 ft-kips 


Pq = 342 kips, My = 246 ft-kips 


i 


For the axis of bending, C,, = 1.0 and 
2 2 


ec cle tm eetscnmemmnteeiti 


Pei 


“RLY (KL)? (12.6 x 122 
Shes Ot ee Ot tal a arg 
2) 1 — (a@P,/P.1) 1 — (1.60P2/Pe1) 1 — 1.60(342/13900) pe 
Mz, = B\My + BoMy = 1.041(246) + 0 = 256. | ft-kips 
Determine which interaction equations controls: 
Pa . 342 . 09,4554 >0.2 .. use Equation 6.5 (AISC Equation H1~ia) 


PIQe¢ 751 


Py , 8 Ma May \ _ Bf 256.1 
P,Q. * 9 Grav bi in | 0.4554+ 8 (2861 +0) 


=0.985<1.0 (OK) 
This member satisfies the AISC Specification 


sn ea al a preete 
6.5-4 
(a) LRFD solution: 
The factored-load axial force is 

P, = 1.2Pp +1.6P, = 1.2(0.30 x 120) + 1.6(0.70 x 120) = 177. 6 kips 
The factored-load end moments are 

Migp = 1.2Mp + 1.6Mz = 1.2(0.30 x 135) + 1.6(0.70 x 135) = 199. 8 ft-kips 
1.2(0.30 x 67) + 1.6(0.70 x 67) = 99. 16 fi-kips 


th 


Moor = 1.2Mp + 1.6Mz 
From the column load tables, for KL = 16 ft, @-P, = 500 kips 
From the beam design charts in Part 3 of the Manual, for L, = 16 ftandC, = 1.0, 


bpMn = 283.5 ft-kips, ¢sM, = 324 ft-kips. 


Compute Cz: 
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199.8 ft-k 
So 
4! 
—}.. 125.1 ft-k 
| 
4! 
I 50.32 fi-k 
4' 
a CA 24.42 ftek 
4' 
+ 99.16 ft-k 
Cy = —— 2 Minx 
2.5Mmex + 3M4 + 4Mp +3Mc 
12.5(199.8) 


~ 3199.8) + 3125.1) + 460.32) +304.42) 7 1? 
For Cy = 2.173, $sM, = 2.173(283.5) = 616 ft-kips 


Since 616 ft-kips > $5M,, use 65M, = ¢,M, = 324 fi-kips 
For the axis of bending, 


a 4) = ” 99.16) _ 
C206 0.4( 47 a 08 0.4( ) = 0.4015 


199.8 
_ PEL _ El, _ 17(29,000)(475) _ 3690 4: 
GIES? (16 x 12)2 ue 
Biting nn AOS 
1-(@P,/Pa)  1—(1.00P,/Pj) ~ 1~(177.6/3688) 


= 0.4218 < 1.0 .. use B; = 1.0 
1.0(199.8) +0 = 199. 8 ft-kips 
Determine which interaction equation controls; 


My, = BiMn + BoMy = 


eae T77-8 = 0.3552 >0.2 use Equation 6.3 (AISC Equation HI-1a) 


P,, +£/ Mix Muy 
9 


. 8 / 199.8 
OP, bsMu * bsMny ) O22 “al 324 +0) 


= 0.903 <1.0 (OK) 


This member satisfies the AISC Specification 
(b) ASD solution: 


From the column load tables, for KL = 16 ft, fe = 333 kips 
GC: 


From the design charts in Part 3 of the Manual, for L, = 16 ftand C, = 1.0, 


ria = 189 ft-kips and Mp _ 216 ft-kips. 


Qs 
Compute Cy: 
co 135 ft-k 
4! 
a A 84.5 ft-k 
4' 
—|-—- By 34 ft-k 
A! 
+ —— ch 165 fk 
1 
4! 
a 67 ft-k 
C= 12. 5Minax 
2. 5S Mmax + 3Ma +4Mpz +3Mc 
_ 12.5(135) eer 
~ 9750135) + 3(84.5) +4634) + 3116.5) 
For Cy = 2.173, 
Mn 2 ios > VB. Mn _ Mp _ 
0; = 2.173(189) = 411 ft-kips > OG, YO, 7 Os = 216 ft-kips 
P, = 120kips, Mn = 135 ft-kips 
For the axis of bending, 
= M) 206504182. \= 
Cn = 0.6 0.4( 3 0.6-0.4(2 ) = 0.4015 
2 2EI n*(29,000)(475) ; 
P,, - BL. = EA ew BE! 3688 k 
1 KL) (Keb)? (16 x 122 i 
Com Cm = 0.4015 


Bi= TT(aP,/Pa)  1-(.60P,/P) 1 —1.60(120A688) 
0.4236 < 1.0 .. use By = 1.0 


M, = B\My + ByMu = 1.0(135) + 0 = 135 ft-kips 
Determine which interaction equations controls: 


Pa. 120 ~0,3604>0.2 — -. use Equation 6.5 (AISC Equation H1-1a) 


P/Q oe3 
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Py & Ma. May }z = 135 
+9 (=f i Mn eo 5 (43 +0) 


=0.916<1.0 (OK) 
This member satisfies the AISC Specification 


6.5-5 
(a) LRFD solution: 
Py = 1.2(16) + 1.6(16) = 44. 8 kips, = My, = 1.2(30) + 1.6(30) = 84.0 fi-kips 


For the axis of bending, 


Cm = 0.6~0.4( 44.) = 0.6-0.4(-84 = f5 


M, 4 
2 2B, __2(29,000)(171) 
Py = SAL TE = 3399k 
1 (KILY (RLY? (10 x 12) me 
| ean ee ee: See CeO! (CSE. Ore 


1-(aP,/P.) 1-(.00P,/Px) 1 -(44.8/3399) 
M, = BiMy = 1.013(84) = 85. 09 fi-kips 


Compute the moment strength. For this loading, C, = 1.0. From the beam design charts 
with Z, = 10 ftand C, = 1.0, $,M, = 134 ft-kips. 


From the column load tables with KL = 10 ft, $-P, = 330 kips. 


7” Be = B® = 0.1358 < 0.2 -. use Equation 6.4 (AISC Eq. H1-1b): 
c+ nm 


gun af Mig i) _ 44.8 , (85.09 
Pn +(e * ily J 2(330) +( S37 +0) 


= 0.703 <1.0 (OK) 


Member is satisfactory. 


(b) ASD solution: Pa = 32kips, My = 60 fi-kips 


For the axis of bending, 


Gorm 0.6-0.4( 4 ) = 0.6-0.4(-82) =1.0 


60 
a 2 KI - n*El, = nm? (29, 000)(171) sx 3399 kj 
OLY GL)? (10x 12)? oa 
Bi case Maan SOP ns Cette oe at 


i-(@P,/Pa)  1-(1.60P,/P:)  1—1.60(32/3399) 
Mz = BiMy = 1.015(60) = 60. 90 ft-kips 


Compute the moment strength. For this loading, C, = 1.0. From the beam design charts 
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Mn _ 


ith L ftand Cy = 1. -kips. 
with ZL, = 10 ftand Cs >O, <Ips 
From the column load tables with KL = 10 ft, a = 220 kips. 
Cc 
ne BZ = 0.1455< 0.2 «use Equation 6.6 (AISC Equation H1-1b) 
P/Q, 220 4 
__Me } aside 60.90 
TG + (aie MnlQs ) ~ 2(220) (Aes 20) 


W 


0.753 <1.0 (OK) 


Member is satisfactory. 


6.5-6 


(a) LRFD solution: 
The factored-load axial force is 
P, = 1.2Pp +1.6Pz = 1.2(0.25 x 190) + 1.6(0.75 x 190) = 285.0 kips 
The factored-load end moments are 
Mup = 1.2Mp + 1.6Mz = 1.2(0.25 x 80) + 1.6(0.75 x 80) = 120.0 ft-kips 
Mio = 1.2Mp + 1.6Mz = 1.2(0.25 x 75) + 1.6(0.75 x 75) = 112. 5 ft-kips 
From the column load tables, for KZ = 15 ft, @-Py = 555 kips 
From the beam design charts in Part 3 of the Manual, for LZ, = 15 ftandC, = 1.0, 
¢oM, = 257 ft-kips, ¢,Mp = 280 ft-kips. 


Compute C3: 
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12.5 Minax 
2) 5 Minax +3M,4+4Mg+ 3Mc 


- 12.5(120) 
~ 2,5(120) + 3(61. 88) + 4(3.75) + 3(54.38) 


For Cy = 2.260, 65M, = 2.260(257) = 581 ft-kips 
Since 581 ft-kips > @,M,, use ¢,M, = 6M, = 280 ft-kips 


C, = 


= 2.260 


For the axis of bending, 


C260: 4( $4.) 2 0.6~0.4 (112.5 ) = 0,225 


M2 120.0 
= EL . WEI, #29,009G4)) _ 3019 Ki 
el (Ki L)? (K, Ly (15 x 12)? Ips 
B, = Cy ee 02225 


1 — (aP,/Pe1) 1 —(1,00P,/P.e1) 1 — (285/3012) 
= 0.2485 < 1.0 .. use By = 1.0 
M, = B\My + BaMy = 1.0(120.0) +0 = 120.0 fi-kips 


Determine which interaction equation controls: 


ia = ih = 0.5135 > 0.2 .. use Equation 6.3 (AISC Equation H1-1a) 
a pe. & 8 (120.0 
a ai = 0,5135+ $ (120 +0) 


= 0.894 < 1.0 (OK) 


This member satisfies the AISC Specification 


(b) ASD solution: 
Pr 


From the column load tables, for KL = 15 ft, reo 369 kips 

From the design charts in Part 3 of the Manual, for Ly = 15 ft and Cy = 1.0, 
e = 171 ft-kips and AP = 186 ft-kips. 

Compute C;: 


[6-10] 


nO 


GO=> 12.5Mmax 
: 2. 5Mimax +3Mz +4Mp+3Mc 
ee) 1C'S Deere 
= 3580) + 341.25) + (5) + 3030.25) > 270° 

For Cy = 2.260, 
a = ee ee ee eee 
on = 2,260(171) = 386 ft-kips > OG, use GS = ag, = 186 ft-kips 


Pq = 190 kips, My = 80 ft-kips 


For the axis of bending, 


MM 80 
2 2ET, _ 2(29,000)(341) 
Py = 2A = Ee = : = 3012k 
SOGEY- CRGL) (15 x 12)? ‘PS 
ee on 7 é 0,225 


~ TI(aP,/Pa)  1-(1.00P,/P.)  1—1.60(190/3012) 
= 0.2503 < 1.0 .. use By = 1.0 
Mg = BiMy + BoMy = 1.0(80) +0 = 80.0 ft-kips 


Determine which interaction equations controls: 


st Eig tte ts 
BO, * 369 7 0.5149 > 0.2 . use Equation 6.5 (AISC Equation H1-1a) 
Pa _ , 8{ Ma May } z & ( 80.0 
Pia OO wlan e (abe +9) 


= 0.924<1.0 (OK) 
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6,5-7 


(a) LRFD solution: 
P, = 1,2(70) + 1.6(170) = 356.0 kips, 
Q, = 1.2(7) + 1.618) = 37. 2 kips 


Mn = Lol? + 2 = 1(7,4)(16)? + 32208) 


wy = 1,201.5) + 1.63.5) = 7.4 kips/ft 


= 385. 6 ft-kips 

Compute the moment strength. From the beam design charts, for L, = 8 ft, 
bsM, = byM, = 488 ft-kips. (Ly < Lp) 

Compute the amplified moment. Use C,, = 1.0. 


2 2ET, _ 2(29,000)(623 
P,, = ~EEL. = EEL _, 229, 000)(623). = A897 kins 
KL) (Kel)? (16 x 12)2 P 


Sn I a Ss Mw eo ee en IO 
1 ~ (aP,/P 1) 1~(1.00P./Pe1) 1 — (356/4837) 
My = ByMm + BoaMu = 1.079(385.6) +0 = 416. 1 ft-kips 
Compressive strength: K,Z = 8 ft, K,L = 16 ft, KL _ 16. 9,195 ft> 8 ft. 
r/ry 1.74 
From the column load tables, for KZ = 9.195 ft, 6.P, = 1164 kips 


Pu  _356 


OF,” tied 0.3058 > 0.2 .. use Eq. 6.3 (AISC Eq. H1-1a) 
clu 


Py ,8( Me Muy )s 8/416.) ce 
oes (oe + Fyity ) = 9-30584  ( 18. +0) 1.06 >1.0 (N.G) 


Member is unsatisfactory. 
(b) ASD solution: 


a = 70+170 = 240kips, w, = 1.54+3.5 = 5.0 kips/ft, Qa = 7+ 18 = 25 kips 


Mm = bel? + 22h = 1(5,0)(16)?+ POS ~ 260.0 f-kips 
Compute the moment strength. From the beam design charts, for Ly = 8 ft, 
Mn _ Mp os i 
Go 324 ft-kips. (Lp < Lp) 
Compute the amplified moment. Use Cy, = 1.0. 
2 ET m*(29, 000)(623 : 
el (KL)? (KL) (16 x 12)? ps 
B, = poe, ere Cm 1.0 


To(.60P,/Pay ~ Tore04eaea7y = 1 086 


Ma = ByMn + BiMu = 1.086(260.0) + 0 = 282. 4 ft-kips 
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Compressive strength: K,L = 8 ft, KL = 16 ft, ae ee 9.195 tt> 8 ft. 


rx/ry 1.74 
From the column load tables, for KL = 9.195 ft, me = 775.7 kips 
Be eee. ae 0.3094 > 0.2 “. use Equation 6.5 (AJSC Equation H1-1a) 


P/Q, 775.7 


Pa , 8{_ Max  , My _\ _ 8& ( 282.4 
P,Q, +9 Gan + F(A } 0.3094 + § (284 +0) 


=1,08>1.0 (NG) 


Member is unsatisfactory. 


6.5-8 

(a) LRFD solution: 

The factored-load axial force is 
Py, = 1.2Pp+1.6P, = 1.2(625/2) + 1.6(625/2) = 875.0 kips 

The factored-load end moments are 
Mip = 1.2Mp + 1.6Mz, = 1.2(195/2) + 1.6(195/2) = 273.0 ft-kips 
Mio = 1.2Mp + 1.6Mz = 1.2(225/2) + 1.6(225/2) = 315.0 fi-kips 


This shape is not in the column load tables, so the axial compressive strength must be 
computed. Also, the footnote in the dimensions and properties table indicates that a W33 x 
118 is a slender element shape. First, compute the flexural buckling strength. 


Maximum SL = SL - 1.0 ae 12) _ 56.90 < 200 (OK) 


4.71 B = 4.71 ue =p 
y 


Since 56.90 < 113.4, use AISC Equation E3-2. 


2 
= EE = 229,000) © 98. 40 ksi 
(KLiry? (56.90) 


For = 0.6586¥Fe) Fy, = 0,65850/8840)(50) = 39, 46 ksi 


@ 


The nominal strength is 


Check width-thickness ratios. From the dimensions and properties table in the Manual, the 
width-thickness ratio of the web is 


oe 
pe = 54.5 
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From AJSC Table B4.1, case 10 (and Figure 4.9 in this book), the upper limit for nonslender 
elements is 


oe. 29,000 _ 
1.49 fp = 1.49) 35 35. 88 


Since f+ > 1.49 £. , the web is slender. 


Fy 


For the flange, 


ft 27.76 < 0.56 /E = 0,56) 22200 — 13, 49 -. flange is not slender 
Oty F, 50 


Because the web is a stiffened element, 0; = 1.0, and Qg must be computed from AISC 
Section E7.2. AISC E7.2(a) applies, provided that 


Boia [e 


where b/t is the generic notation for the width-thickness ratio and f = F,, computed with 
Q = 1.0. From the flexural buckling strength computations above, F, = 39.46 ksi. 


Ex 29,000 _ 
1.49% = 1.49) See 40. 39 


Since ae > 1.49 % , local buckling must be considered. From AISC Equation E7-17, the 
reduced width of the web is 


b ~ 1.92 [E[1- 934 0.34 [E |so 
: vi (bit) vf 
7.000 | 0.34 [29,000 


= 1.92(0.550) | 3336 


Unreduced width is 
b = d—2kages = 32.9 ~2(1.44) = 30. 02 in. 
Reduced area is 


Ag = A-tw(b ~ be) = 34.7 — 0.550(30.02 — 23.79) = 31. 27 in.” 


O = O;Oa = 1.0(0.9012) = 0.9012 


29,000 _ 
sae on 7 "Ny o901260) = 119° 
KE 256.90 < 119.5 +. use AISC Equation E7-2. 
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QFy 
Fo =Q| 0.658 Fe |F, 


0.9012(50) 
= 0.9012] 0.658 88.40  |50 = 36. 40 ksi 


The nominal strength is 
Py = FoAg = 36.40(34.7) = 1263 kips .. web local buckling controls. 
b-Pn = 0.90(1263) = 1137 kips 

From the beam design charts in Part 3 of the Manual, for Ly = 1] ftandC, = 1.0, 
65M, = 1443 ft-kips, @,M, = 1560 ft-kips. 


a 

2.75! ba 
-}- A__\ 993.5 f-k 
2.75" A 

-]- 294 ft-k 
2.75! a 

-}- Cc 304.5 fi-k 


Y 315 ft-k 


12.5 Minax 
2.5. Mimax + 3.M4+4Me + 3Me 
12,5(315) 
ane 5(315) + 3(283.5) + 4(294) + 3(304.5) 


For Cy = 1.056, 65M, = 1.056(1443) = 1524 ft-kips < ¢,M,p = 1560 ft-kips. 


Compute Cy: 


273 ft-k 


Cp = 


= 1, 056 


For the axis of bending, 


Co =06 =O. 4( ot ) = 0,6-0.4(-272.) = 0.9467 


M: 315 
mE] n?EI, _ 17(29,000)(5900) ro 
y= 24 = SS = 9.692 x 104k 
(RLY (KL (Il x 12)2 Meta 
an er ao: Ceeene 0.9467 


~ [=(aP,/Pe)  1-(1.00P./Pe) 1 —(875/96920) 
= 0.9553 < 1.0 .. use B; = 1.0 
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M, = ByMa + BaMy = 1.00315) +0 = 315 ft-kips 


Determine which interaction equation controls: 


Pu. 875 =0.7702>0.2 _ .*. use Equation 6.3 (AISC Equation H1-1a) 
Py. 81. Me My ) . 8/315. 
+ 8 ( Me + Gag, ) 7 0.770244 ( als +0) 
=0.954<1.0 (OK) 
This member satisfies the AISC Specification 


(b} ASD solution: 
Pq = 625 kips, Mip = 195 ft-kips, Myo; = 225 ft-kips 
From part (a), P, = 1263 kips, and & = 1263 = 756. 3 kips 
From the design charts in Part 3 of the Manual, for L, = 11 ft and C, = 1.0, 


a = 962 ft-kips and = = 1040 ft-kips. 
195 
ti 202.5 ft-k 
pe 210 ft-k 
i 217.5 ft-k 
| 225 ft-k 
12.5M max 


Zé 5 Mmax +3M,+4Mep+3Mc 
12,5(225) 
~ "2.5(225) + 3(202.5) + 4(210) + 3(217.5) 


For C, = 1.056, 


Compute C;: 


S) 
~ 
aA) 


r t 


~ ied 
~J ~] 
mn a 


Beak 
~] 
- 


Cy = 


= 1.056 


My 2 Mp 
i, = 1,056(962) = 1016 ft-kips < a; 


For the axis of bending, 
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2 rn 
Pine x? EI en El, - (29, 000)(5900) _ 9. 692 x 104 kips 


(KiL)? — (K,L)? (11 12)? 


c _ Cah aie 0.9467 
i—(@P,/P.1)  1-(1.60P./Pa) 1 ~ 1.60(625/96920) 


= 0.9566 < 1.0 «, use By = 1.0 
Mz, = ByMny + BoMy = 1.0(225) +0 = 225 ft-kips 


By = 


Determine which interaction equations controls: 


Parts. O20. te . : : 
P/Q. ~ 756.3 0.8264 > 0.2 “. use Equation 6.5 (AISC Equation H1-1a) 
Pa 4 & ails, My _) ., 225 
Plo, *90\ Melos * wis | 0.8264 + 8 (225. +0) 


=1.02>10 (WG) 
This member does not satisfy the AISC Specification. 


6,5-9 
(a) LRFD Solution: 
The service load moments at each end are 
Mp = 0.33(150) = 49. 50 ft-kips and M; = 0.67(150) = 100. 5 ft-kips 
The factored-load moment at each end is 
1.2Mp + 1.6Mz = 1.2(49.50) + 1.6(100.5) = 220. 2 fi-kips 


For the axis of bending, 


2 2 
- EL _ WEI, _ #(29,000)(833) _ 7359 Kips 


Pas Se 


(Kil): (Kyl)? ~~. G0 15 % 12)" 


@: = 0.6-0.4( 44 ) = 0.6~0.4( 2202.) = 0.2 


. Cm Cm 0.2 
T—(aP,/Pe)  1-(1.0P.y/Pa) 1 —(P./7359) 


Assume 8, = 1.0 and check it later. 
Max = ByMy = 1.0(220.2) = 220. 2 ft-kips 

Compute the moment strength. From the beam design charts with Ly = 15 ft, 
6,M, = 528 ft-kips for C, = 1.0, and @,M, = 551 ft-kips 

From Figure 5.1 5e in the textbook, Cy = 2.27. 

For Cp = 2.27, 5M, = 2.27(528) = 1199 ft-kips 
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Since 1199 ft-kips > @,Mp, use @,Mn = 6aM, = 551 ft-kips 


Determine the axial compressive design strength. From the column load tables with 


KL = 15 ft, 
bcPn = 990 kips 


Assume that > 0.2 and use Equation 6.3 (AISC Eq. H1-1a): 


OP 
by (Me Me) < 1,0 


OP n O1Mnx bo>Mny 
Py 2 9902 7 ee 
9990 ' 9 ( ss, + 0) = 1.0, Solution is: {Py = 638.3} 


Check assumptions. 


_ Cy _ 0.2 _ 
#1 1-(1.0P,/Pe:) 1 — (683.3/7359) Beane 


“use B; = 1.0 (as assumed; OK) 
Let 1.2D+1.62 = Py 
1.2(0.33P) + 1.6(0.67P) = 638.3, Solution is: {P = 434. 8} 
(b) ASD solution: 


For the axis of bending, 


__wtEL _ mE, _ 22(29,000)(833) _ 
De De (oxi. 


‘eae 0.6-0.4( 4 } = 0.6~0,4( 130) = 0.2 


Ci» Cm 0. 2 


~ T—(aP,/Pe)  1-(.60Pd/Pa) 1 (1.60P,/7359) 


Assume B; = 1.0 and check it later. 
. Me = Ma = BiMy = 1.00150) = 150 ft-kips 


Compute the moment strength. From the beam design charts with Ly = 15 ft, 


ate = 352 ft-kips for C, = 1.0, and Be = = 367 ft-kips 


From Figure 5.15e in the textbook, C, = 2.27. 


M, .. 
Qs 


For Cy, = 


kips 


Mp Mn, . Mp _ : 
Since 799.0 ft-kips > =" oF » Use a, 367 ft-kips 


From the column load tables with KZ = 15 ft, P,/Q, = 659 kips 
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Assume that > 0.2 and use Equation 6.5 (AISC Eq. H1-la): 


Pa 
PrlQ<re 


a + (5M 4. May ) < 1.0 
+8 


Let 


+4 (4 150 +0) = 1.0, Solution is: {Pa = 419. 6} 


és 367 


Check assumptions. 


P, ID 659 
Bi seers Oe ich fa a ea 99) 1.0 
1 — (1.60P4/Pe1 ) 1 ~ 1.60(419.6)/7359 
“use B; = 1.0 (as assumed; OK) P = 420 kips 
6.5-10 


(a) LRFD solution: 
P, = 1,2(0,25 x 53) + 1.6(0.75 x 53) = 79. 5 kips 
Ou = 1.2(0.25 x 5) + 1.6(0.75 x 5) = 7. 5 kips 
= Qt = tog) = 22.5 ft-kips 


Compute the moment strength. From the beam design charts, for Z, = 12 ftand Cy, = 1, 
6,M, = 71 ft-kips, @,M, = 86.6 ft-kips 
For Cy = 1.32 (Fig. 5.15 in the textbook), 
$,M, = 1.32(71) = 93.72 ft-kips > d,M, .. use 65M, = 6oMé, = 86.6 ft-kips 
Compute the amplified moment. Use Cy, = 1.0. 


EL _ mEl, _ 2*(29,000)(82.7) _ 3149 3 
= 2S = t= = 1142k 
(KiLY (KyL)? (12 x 12)2 ss 


Sa ee NO cases Sh oe Ota ee a as 
Bye Sap pay Lat O0Pyeay (aco lady 


My, = B\My + BoMy = 1.075(22.5) +0 = 24. 19 ft-kips 


Compressive strength: A W8 x 24 is not in the column load tables, so its axial compressive 
strength must be computed. The shape is not slender for compression (no footnote). 


Maximum AL = 4b. = Latex) = 89.44 <200 (OK) 


4.71 [E Coan BE 000 _ 113.4 
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Since 89.44 < 113.4, use AISC Equation E3-2. 


2 
pe EE oe FO 00) 95.78 ksi 
(KLiry? (89.44) 


For = 0.6580") Fy = 0,658 605.78)(50) = 27. 86 ksi 
The nominal strength is 

Py = FeAg = 27.86(7.08) = 197. 2 kips 

$oPn = 0.90(197.2) = 177. 5 kips 
Pu. 19.5. 2 0.4479 >0.2 ©. use Eq. 6.3 (AISC Eq. H1-1a) 


5 
Mux sat | = 8 (24.19 _ 
i. 0.4479 + 4( HL +0) = 0.696 <1.0 (OK) 


Member is satisfactory. 


(b) ASD solution: 


Pa =S3kips, My = 22% = 202) - 15 fekips 


Compute the moment strength. From the beam design charts, for Z, = 12 ft, 


Mn pan wlej My = whey 
Q; = 47,5 ft-kips, O; = 57.6 ft-kips 


For Cy = 1.32 (Fig. 5.15 in the textbook), 


My _ Z laps 3 ee As 
GQ. 1,32(47.5) = 62. 7 fi-kips > 0; “USE B= GP 57.6 ft-kips 


Compute the amplified moment. Use C,, = 1.0. 


ate] _ n2EI, _ 22(29,000)(82.7) 
= = Te = = 1142 kips 
1 (KiLY  (KaLY (12 x 12)2 P 


ag Tice int A a hs le te St ll ee 
Bi = TZ(aPPa) ~ 1=(1.60P,/Pay ~ 1=1.60(53/1142) 
Ma = B\Mm + BaMy = 1.08(15) + 0 = 16. 2 fi-kips 


Compressive strength: A W8 x 24 is not in the column load tables, so its axial compressive 
strength must be computed. From part (a), 


P,=197.2kips => Ae = 1922 ~ 118.1 kips 


OO; £67 
Py a Si. a ' ; tj = 
P,Q. ~ Tis. 0.4488 > 0.2 .. use Equation 6.5 (AISC Equation H1-]a) 
Po, 8( Ma, May _ \=o gg +8 (162 40) = 0.699 < 1.0 (OK 
Pa, * 9 (aise + on, es (38-3 +0) = 0.699.< 1.0 (OK) 


Member is satisfactory. 
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65-11 

(a) LRFD solution: 
P,, = 1.2(0.33 x 410) + 1.6(0.67 x 410) = 601. 9 kips 
Moa = 1.2(0.33 x 286) + 1.6(0.67 x 286) = 419. 8 fi-kips 
Mar = 1.2(0.33 x 102) + 1.6(0.67 x 102) = 149. 7 ft-kips 


Compute the strong axis bending moments. 
Cie 06 0.4( 44 | = 0.6 -0.4(0) = 0.6 


2 2 
_ EL _ WE, _ #°(29,000)(1530) _ 1.799 x 10% kips 


elx = = = 


(KiL)? (KL)? (1.0 x 13 x 12)? 


~ I~ (aP /Peix)  1—(1.00P,/Peix) 1 - (601. 9/17990) 
= 0,621 < 1.0 .. use By, = 1.0 
The required moment strength is 
M, = Mi = BixMnx + BuxMix = 1.0(419.8)+0 = 419. 8 fi-kips 
From the Beam Design Charts with C, = 1.0 and Zp = 15 feet, the moment strength is 
O»>Mnx = 0bMpy = 878 fi-kips (Ls < Lp) 


Compute the weak axis bending moments. 


Cie 0.6-0.4( 444 ) = 0.6 —0.4(0) = 0.6 


2 7? 
= PEL _ 7 Ely 2 (29, 000)048) _ 6445 kips 


ely = (KL) (KL) (1.0 x 13 x 12)? 
Bie Cmy = Cry _ 0,6 
A ei OPP ai 1—(1.00P,/Pe 1 ~ 1.00(601.9/6445) 
y y 


= 0,662 < 1.0 .. use By = 1.0 
The required moment strength is 
My = My = BiyMny + BrMy = 1.0(149.7) + 0 = 149. 7 fi-kips 
From the Z, table, ¢sMny = deMpy = 424 ft-kips. 


Determine the compressive strength. For KL = 1.0(13) = 13 feet, the axial compressive 
design strength from the column load tables is ¢-P, = 1540 kips. 


Py 601.9. : : : : 
bP, = T5407 0.3908 > 0.2 ”. use Equation 6.3 (AISC Equation H1-1a) 
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Pa Bt Ma My ) 8 (419.8 , 149.7 
OP, * g (Mes $M, ) = 0:3908 + cary eaaarer a 


=1.13>1.0 (NG) 
The W12 x 65 is not adequate. 


(b) ASD Solution: Pa = 410 kips, Mux = 286 ft-kips, Mny = 102 ft-kips 


Compute the strong axis bending moments: 


M: 


_ EL _ mEl, _ 12(29,000)(1530) _ | 4 igs 
Kt Gb doxeaie oe 


B,, Cope Ci 0.6 


a 


1 ~ (aP//Petx) 1-(1. 60PalPex) 1 — 1.60(410)/17990 
= 0.623 < 1.0 .. use By, = 1.0 
M, = Ma = BisMnx + BuMix = 1.0(286) + 0 = 286 ft-kips 


(oe 0.6-0.4( 74. | = 0.6-0.4(0) = 0.6 


From the Beam Design Charts with C, = 1.0 and Z, = 15 feet, the moment strength is 
Mn _ M 


SUT APE whi 
Q, QO; 584 fi-kips (Lp < Lp) 
Coe O6= 0.4{ $4) = 0.6-0.4(0) = 0.6 


x2E] mEl, _ 2?(29,000)(548) ; 
eS ee = 6445 k 
(KILY (KL)? 1.0 x 13 x 12) a 


Le eR, Eee | ee 
*" 1=(@P,/Py) ~~ 1-(1.60P2/Pey) 1 — 1.60(410)/6445 
= 0.668 < 1.0 .. use Bi, = 1.0 
My = May = BiyMny + BrayMiy = 1.0(102) +0 = 102 ft-kips 


Mny _ Moy 
7 Os, Qs, 


Find the compressive strength. For KL = 1.0(15) = 13 feet, the axial compressive strength 
from the column load tables is a. = 1020 kips. 


From the Zy = 282 ft-kips. 


Check the interaction formula: 


Pa) -410- = . : : 
BJO, * 1030 0.4020 > 0.2 . use Equation 6.5 (AISC Equation H1-1a) 
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od meme en GLE My _\ _ 8 (286. , 102 
P,jG. * 9 (=f: * ws) 0.4020+ & (286 + 3) 


=1.16>10 (NG) 
The W12 x 65 is not adequate. 


6.5-12 
(a) LRFD solution: 
P,, = 1.2(20/2) + 1.6(20/2) = 28.0 kips 
Oy = 1.2(40/2) + 1.6(40/2) = 56.0 kips 
Wy = 1.2wp + 1.6w, = 1.2(0.060) = 0.072 kips/ft 
Myx = GS2Quh Haak”. CBOE) 0.072(12)" 135.7 ft-kips 


8 
oe ee) wh GEICE OU) = 100. 8 ft-kips 


Strong-axis bending strength. From the beam design charts, for L, = 12 ft and C, = 1, 
bsMrx = 268.5 ft-kips, @pMp, = 280 ft-kips 
For Cy = 1.32 (Fig. 5.15 in the textbook), 
bsMnx = 1.32(268.5) = 354.4 ft-kips > doMpx -. use $oMyx = PsMpx = 280 ft-kips 
Weak-axis bending strength: From the Z, tables, dyMny = 6,Mpy = 131 ft-kips 


Compute the amplified moments. Use Cr = Cmy = 1.0. 


De eae - SR Pa ennai! 


ae i (aP,/P etx) 1- (1. 00P y/Peix) 1- (28. 0/4707) 1, 006 


Mux = BiMnx + BoMux = 1.006(135.7) + 0 = 136. 5 ft-kips 


2 2 2 
_ EL Ely _ #7(29,000)116) «1691 ki 
(RLY (BLY? (12 x 12)? PS 
ee Oi he Oe es BO el 
By 1 — (aP;/Pey) - 1 — (1.00P,/Pety) ~ 1 — (28.0/1601) a 1,018 


My = BiMny + BoMoy = 1.018(100.8) + 0 = 102. 6 ft-kips 
Compressive strength: From the column load tables, for a W10 x 60 with KZ = 12 ft, 


Py _ 28.0 _ ee 
OcPn 631 4.437 x 10°? > 0.2 .. use Eq. 6.4 (AISC Eq. H1-1b) 
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Pu (Me + My ) - 0.04437. 5 (136.5. 102.6 ) 
26 -P x b3Mix. ’3Mny 2 280 13] 


= 1,29>1.0 (N.G.) 
Member is unsatisfactory. 
(b) ASD Solution 
Pz =20kips, QO. = 40kips 
Wa = Wp = 0.060 kips/ft 
Wie Cjeet is Wark” - BGO) e 0.060012)" = 97, 08 ft-kips 


ins (3/5) Oak _ (3/5)(40)02) = 72.0 fekips 


Strong-axis bending strength. From the beam design charts, for ZL, = 12 ft and C, = 1, 
Max _ , Me = 
Os QO, 

For C, = 1.32 (Fig. 5.15 in the textbook), 


Mm — 1.32(179) = 236.3 fi-kips > “4 - use Mu = Me — 186 fexips 


QQ, Qs Od, Qs 
F : Mny _ Moy 
Weak-axis bending strength: From the Z, tables, a oS 87.3 ft-kips 
Compute the amplified moments. Use Crux = Cay = 1.0. 
rE, nEI n*(29,000)(341) 
e = ee et ee = 4707 ki 
*(KILY (KL)? (12x 12) ‘PS 
Si a Fai a a we 
Bis 1 - (aP,/Petx) 1 ~ (1.60 Po/Peix) 1 ~ 1.60(20)/4707 soe 


Ma = ByMna + BaMyx = 1.007(97.08) + 0 = 97. 76 ft-kips 
2 2 
cia 2El, _ # El, _ 2 (29, 000)(116) = 1601 kips 


7 KiL)? (KL)? (12 x 12)? 
Big es Coy 1.0 = 1.02 


a eee a 7 


1 (aP,/Pety)  1—(1.60Po/Pay) 1 — 1.60(20)/1601 
May = BiMny + BrMuy = 1.02(72.0) +0 = 73. 44 ft-kips - 


Find the compressive strength. For KZ = 12 feet, the axial compressive strength from the 
column load tables is fe = 420 kips. 


Check the interaction formula: 


Pa fas ~2 : ; " H is 
P10, arn = 4,762x 107 < 0,2 , use Equation 6.6 (AISC Equation H1-1b) 
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P ( Max May ) 


4 _ 0.04762 , (97.76 , 73.44 
IP, /0, * (44 Pa ) 


ee 186 87.3 
1.39>1.0 (NG) 


MrxlQp  MrylQ 


Member is unsatisfactory. 


rrr RR BSA ETE TN TET tN ABA Laermer ttt 


6.5-13 


Since this shape is not in the column load tables, the axial compressive design strength must 
be computed. 


WTS od ele. os 0.65(20 x 12) _ 86.67 


ee By 1.80 


i nk CLD EE Ss 


©" (KLIN? (86.67) 


[Ee gf OO ge 
4.71 [ae = 4.7135 113.4 


Since KL/r = 86.67 < 113.4, use AISC Eq. E3-2. 
Fy = 0.6580") Fy = 0.658008) (50) = 28, 87 ksi 
Py = FeAg = 28.87(20.0) = 577. 4 kips 

(a) LRFD solution: = @-Pn = 0.90(577.4) = 519. 7 kips 
P, = 1.2D+ 1.6L = 1.2(70) + 1.6(200) = 404.0 kips 


Maximum 


Py . 404 _ : Z 
GP. = 3197 0.7774 > 0.2 .. use Eq. 6.3 (AISC Eq. H1-1a). 


Maximum moment = M,; = oh _ 1.6 : 20) 40 


Determine the moment strength. From the beam design charts, for L, = 20 ftand Cy = l, 
$.M, = 332 fi-kips and ¢,M!M, = 600 ft-kips. 
Compute C3: 
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40 


he 
5’ 
-f- A 
1 
5! 
+ bd « 
5 
C 
§' 
= 
40 
C Z 12.5Mmnax 
¢ 2.5 Mmax + 314 + 4My + 3M 
12.5(40 sa 


~ 2.5(40) + 3(0) + 4(40) + 3(0) 
For Cy = 1.923, 63M, = 1.923(332) = 638. 4 ft-kips 
Since 638.4 ft-kips > ¢,M,, use 65M, = ¢sM, = 600 ft-kips 
Compute the amplified moment. Use C,, = 1.0 


- WEL . WEI, _ 1°(29,000)(1480) _ 04 ki 
PO GLE URL ~ (0.65% 20 12) ~ 1 741 * 10" Kips 


i a hh re a 
Bis ~ 1- (@P,-/Peix) ] - (1.00P./Petx) Le (404/17410) oe 


My = BiMy + BoMy = 1.024(4Q) + 0 = 4. 096Q ft-kips 
Eq. 6.3 (AISC Eq. H1-1a): 


Py 8f Me My )- b(n ) 
PP, + 9 ( ite + FiMy 0.7774+ 9 600 +0 


Let 0.77744 8( SEA8E 4 0) < 1,0, Solution is: { < 36. 68} 


Maximum Q = 36.7 kips 


(b) ASD solution:  P, = 70 +200 = 270 kips 


Pre STTM ,; 
at = ALE = 345. 7kips 


Be 3 eee eee 
P, JQ. 345.7 0.7810 > 0.2 .. use Eq. 6.5 (AISC Eq. H1-1a), 
Maximum moment = M,) = fa = 220) = 2.590 


Determine the moment strength. From the beam design charts, for Z, = 20 ft and C; = 1, 
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Mn a Mp os 
Qs Q, 
Cy = 1.923 (see LRFD solution above) 


M,, 


For C, = 1,923, QO, 


= 1,923(221) = 425.0 ft-kips 


as Mp My Me _ i 
Since 425.0 ft-kips > 0,’ "6G, * GH = 400 ft-kips 
Compute the amplified moment. Use C,, = 1.0 

Pp, = EL . wEI, _ 1?(29,000)(1480) 
1 KILY (Kel) (0.65 x 20 x 12)? 


= 1,741 x 10* kips 
_ Cx a Cm - 1.0 =} 109 
Bis 1 — (aP;/Petx) 1 —(1.60Pa/Peix) 1 — 1.60(270)/17410 Meee 
M, = BiMy + BaMy = 1.025(2.5Q) + 0 = 2. 563Q ft-kips 
Equation 6.5 (AISC Equation H1-1a) 


SP gm Bt: Mas. Ws)- gar ) 
oe + 8 ( fs + Tigit a ae 


Let 0.7810 + a( eee 0) < 1.0, Solution is: {Q < 38. 45} 


Maximum Q = 38.5 kips 


6.6-1 


Determine the axial compressive design strength. Use Kx for the unbraced condition. 
Bah _ LID. 9.754 < KyL = 14 ft 


rity 2.44 
From the column load tables with KL = 14 ft, @-Pn = 774 kips 


Pu _ 400 | : 
ee = aag 0.5168 > 0.2 .”. use Eq. 6.3 (AISC Eq. H1-1a). 


Check the braced condition first. For the axis of bending, 


C. 20620: 4( ) = 0.6-0.4( 24.) = 0.3867 


Pe = EL _ WEls _ m(29,000)(881) _ 9934 kips 


(KiL)? (K,L)?_ (1.0.x 14x 12)? 


Bie C mx _ C mx 0.3867 
* 1 = (@Py!Peix) 1-(1.00P./Petx) 1 ~ (400/8934) 
= 0.405 < 1.0 ’. use By = 1.0 


Sway condition: use 
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Saanreaer I 1. L.005P, ~ 7—1-00(6000) ~''7° 
LP 2 TP. ~ "40000 


The total amplified moment at the top is 
My top = BiMm + BaMy = 1.0(45) + 1.176(40) = 92. 04 ft-kips 
The total amplified moment at the bottom is 


Mu to: = 1.0(24) + 1.176(95) = 135. 7 ft-kips 


u 


Use M, = 135.7 ft-kips. Compute the moment strength. From the beam design charts with 


Ly = 14 ft, 
¢»M, = 479 ft-kips for Cy = 1.0 and $,M, = 521 ft-kips 
Using the total amplified moment, compute Cy: 


12. 5Mimax 
2.5. Minax + 3M + 4M + 3Mc 


12.5(135.7 
~ 2.5(135.7) + 3(35.11) + 4(21.83) + 3(78.77) 


For Cy = 2.208, sMn = 2.208(479) = 1058 ft-kips 
Since 1058 ft-kips > @,Mp, use doM, = ¢4M, = 521 ft-kips 
Eq. 6.3 (AISC Eq. H1-1a): 


48 8 8 (Me Mix My 
GF h bo>Mnx. + GiMay 


C, = 


= 2.208 


2 8 (135.7 
) =o.st68+ (135.7 35.1 +0) = 0.748 < 1.0 (OK) 


Member is satisfactory. 


6.6-2 
(a) LRFD solution 


Determine the axial compressive design strength. Use K, for the unbraced condition. 


Ker, WAUGY: «: _ 
ming 7 agg = 7 869 R< KL = 168 


From the column load tables with KL = 16 ft, @-Pn = 698 kips 


Check load combination 2. For the braced condition, 


Py = 1.2Pp + 1.6Pz, = 1.2(120) + 1.6(240) = 528.0 kips 


Pu. 528 E 
$.P, = 698 ~ 0.7564 > 0.2 .. use Eq. 6.3 (AISC Eq. H1-1a). 


1,2(15) + 1.6(40) = 82.0 ft-kips 
1.2(18) + 1.6(48) = 98. 4 ft-kips 


i 


Mi(top) 
Miu (bot) 
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s ; : _ 7 MY = 82,0. \ 2 
For the axis of bending, Cn = 0.6 0.4( 4 0,.6-0.4( 82.0 ) = 0.2667 


2 x? 2(29, 000)(881) 

P. = ve El, = “ET, - Tw ( 5 lL. =: 9467 k 
U KILY (Keb)? (0.85 x 16 « 12)? ae 
By = St En = 0.2667 
[= (aP,/P)  1-C.00P/Pa) 1 — (528/9467) 


= 0.2825 < 1.0 .. use B; = 1.0 
M, = BiMy + BoMu = 1.0(98.4) +0 = 98. 4 fi-kips 
Compute the moment strength. From the beam design charts with Ly = 16 ft, 
@sM, = 462 ft-kips for Cy = 1.0 and @sM, = 521 ft-kips 


Compute C3: 
C 12.5Mmax__ 
6 2 5Mimox + 3Ma + 4Mz + 3Mc 
12.5(98. 4) 


For Cy = 2.239, @,M, = 2.239(462) = 1034 ft-kips 
Since 1034 ft-kips > $5Mp, use $,Mn = ¢oMp = 521 ft-kips 
Equation 6.3 (AISC Eq. H1-1a): 


sce + §( Me Mu + My _ 
GcPn b5Mnx b5 Many 


Check load combination 4. For the braced condition, 


P, = 1.2Pp +0.5Pz = 1.2(120) + 0.5(240) = 264.0 kips 


Py _ 264 _ 
bP, = 698 0.3782 > 0.2 «. use AISC Eq. H1-la. 


M,(top) = 1.2(15) + 0.5(40) = 38.0 ft-kips 
Mn(bot) = 1.2(18) + 0.5(48) = 45. 6 fi-kips 


& f 98.4 = 
)- = 0.7564 + 8 ( Bs +0) = 0.924 < 1.0 (OK) 


ee eee Fs ome 38.0.\ 
Crates 0.4( 44) ee 0.4( 38:2) 0.2667 


es Cr : Cr _ 0.2667 
1—(aP,/Pei)  1-(1.00P,/Pe1) 1 — (264/9467) 


= 0.274 < 1.0 «. use B; = 1.0 
For the sway condition, 
My(top) = Mu(bot) = 1.6W= 1.6(130) = 208.0 ft-kips 


For the axis of bending, 
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m?(29,000)(881) _ yr69 kips 


Pa = x EI vr 

(K2L)? (1.2. x 16 x 12)? 
= 1 s anes 
ae De 1p ~ Gent 
LP 62 Pep 

Papeete ean Coe 
1. 1.007, 1 — 1.00(264) eee? 
Pe 4750 


u = 1.0(45.6) + 1.059(208.0) = 265. 9 ft-kips 


8 (283.2 +0) = 0.832 < 1.0 (OK) 


AJSC Equation H1-1a: 
521 


Bf Mg My ) = 0.3782+ 8 
( Me a‘ boMny . 9 


Pass eR 
GP, 9 
(Load combination 2 controls.) Member is adequate. 


(b) ASD solution 
Determine the axial compressive design strength. Use K, for the unbraced condition. 


Aah. 1208) _ 7 scone KL = 168 
rslty 2.44 


From the column load tables with KZ = 16 ft, Pp/Q. = 465 kips 


Check load combination 2. For the braced condition, 


Pa = Pp +Pr = 120+240 = 360 kips 
Pa 360 . 0.7742 > 0.2 . use Eq. 6.5 (AISC Eq. H1-1a). 


P/Q, 465 
M,(top) = 15+ 40 = 55 ft-kips 


Mn(bot) = 18 +48 = 66 ft-kips 
35 ) = 0.2667 


i) = 0.6~0.4( 38 


For the axis of bending, Cm = 0.6 - 0.4{ M 
m*(29, 000)(881) = 9467 kips 


Pay 2 Seen 
 (KiLY* (Kab)? (0.85 x 16 x 12)? 
Boks Cu _ Gi 7 0.2667 
1—(aP,/Pei) ~ 1-(1.60Pa/Pa) 1 = 1.60(360)/9467 
= 0.2840 < 1.0 .. use By = 1.0 


Ma = BiMn + BaMy = 1.0(66) + 0 = 66 ft-kips 
Compute the moment strength. From the beam design charts with L, = 16 ft, 
Mn me : es M, os ki 
of 308 ft-kips for C, = 1.0 and On 347 ft-kips 
For Cy = 2.239 (see part a), e = 2.239(308) = 689, 6 fi-kips 
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Mp M, — Mp _ : 
Since 689.6 ft-kips > Oo, o. 347 ft-kips 


Equation 6.5 (AISC Eq. H1-1a): 


Pa , 8(_ Ma May )- 8( 66.49) = 
ait Ca + apeig | 7 72+ 8 ( £6 +0) 0.943 < 1.0 (OK) 


Check load combination 6. For the braced condition, 


P, = Pp +0.75Pz, = 120+ 0.75(240) = 300.0 kips 


Pa . 300 _ ; . 
P10, * 465 0.6452 > 0.2 «. use Eq. 6.5 (AISC Eq. H1-1a). 


Mnu(top) = 15+0.75(40) = 45.0 ft-kips 
Mny(bot) = 18 + 0.75(48) = 54.0 ft-kips 


C2060. 4( ) = 0.6~0.4( 43.) = 0.2667 


bea Ca : Ca _ 0.2667 
1-(@P,/Pa)  1-(1.60PQ/P) 1 — 1.60(300)/9467 


= 0.281 < 1.0 «. use By = 1.0 
For the sway condition, 
My(top) = My(bot) = 0.75W = 0.75(130) = 97.5 ft-kips 
For the axis of bending, 


2 
mE _ 22(29,000)(881) _ 4759 Kips 


Di, 
2 (KL) (1.2 16x 12)? 
Bz j — oP 7 _ aPrny 
=P 2 Pe 


- —ip- = ale et SHS 1D 
|. 1.60P2 ~ , _ 1.60(300) 
Pe 4750 


M, = 1.0(66) + 1.112(97.5) = 174. 4 ft-kips 
Equation 6.5 (AISC Eq. H1-1a): 


Pa, 8 ( Max es | z 8 (174.4 
P/Q, 79 (<5, Se TaToP emaiarae S(t +9) 


= 1.09 > 1.0 (NG) 


Member is inadequate. 


i i tt 
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6.7-1 
(a) LRFD solution 
The factored axial load is 
Py = 1.2(0.30 x 236) + 1.6(0.70 x 236) = 349, 3 kips 
The factored moment is 
Mnx = 1.2(0.30 x 168) + 1.6(0.70 x 168) = 248. 6 ft-kips 
The amplification factor B, can be estimated as 1.0 for purposes of making a trial selection. 
Mix = BiyMng = 1.0(248.6) = 248. 6 ft-kips 
The effective length for compression and the unbraced length for bending are the same: 
KL = Ly = 15 ft. 
From Table 6-1, Try a W12 x 79, with p = 1.24 x 1073 and b, = 2.10 x 1073, 
Determine which interaction equation to use: 
pP, = pPy = (1.24 x 10°3)(349.3) = 0.4331 > 0.2 .. Equation 6.8 controls. 


As a preliminary check (remember that B, has not yet been computed and C, has not been 
accounted for) 


pPr + b:Myx + byMy = pPy + byMix + byMy 
= (1.24 x 107)(349.3) + (2.10 x 1073)(248.6) +0 
=0,955<1.0 (OK) 


Calculate B: 
-06— +) 206 (+2) " 
Cini 0.4( 0.6~0.4(40- ) = 0.6 
2K] 1729, 000)(662) 
Pig = 2S = : = 5848 k 
(KL) (15 x 12)? ~ 
By, = ese eee A ae = 0.638 < 1.0 “, Bix = 1.0 as assumed 
1 fs u ] ed 349.3 
Peix 5848 


(Since this shape is adequate for C; = 1.0, the steps shown below, computation of the actual 
value of Cs and an adjustment of b,, are not necessary.) 


From Figure 5.15g, Cp = 1.67. Modify 5, to account for C3. 


= i rae eae Os site tthe wk 
Co Gblldm = Cy x ox LOI He Fas 706. 9 ft-kips 


From the Z, table, @sMpx = 446 ft-kips < 706.9 fi-kips ~. ¢sMn = 446 ft-kips 
by = -- 8. = — 8 = 1,99 x 10 
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Check Equation 6.8: p= 1.24 107%, b, = 1.99 x 10°? 
pP ut bsMux + byMuy = (1.24 * 1073)(349.3) + (1.99 x 1077 )(248. 6) 
= 0.928 <1.0 (OK) Use a W12 x 79 
(b) ASD Solution 
The amplification factor B; can be estimated as 1.0 for purposes of making a trial selection. 
Mex = BixMnx = 1.0(168) = 168 ft-kips 
The effective length for compression and the unbraced length for bending are the same: 
KL = Ly = 15 ft. 
From Table 6-1, Try a W12 x 79, with p = 1.86 x 1073 and b, = 3.16 x 10°, 
Determine which interaction equation to use: 
pP, = pPq = (1.86 x 10-3)(236) = 0.4390 > 0.2 .. Equation 6.8 controls. 


Asa preliminary check (remember that B; has not yet been computed and Cy has not been 
accounted for), 


pP,+byMn + byMy = pPa + byMax + byMay . 
= (1.86 x 103)(236) + (3.16 x 10° )(168) + 0 
= 0.970 < 1.0 (OK) 


Calculate B,: 

Sie “| Pa ae (=2- } Z 
C306 0.4( 4 0.6-0.4( 30) = 0.6 

2EI,  2(29,000)(662 

Po, = oe = : = 5848 k 
ae C05 (15x 12)? 

hse ~—o— - —_ $6 =~ 0.6414<1.0  .. By = 1.0 as assumed 
| - — _ 1,60(236) 
Ps 5848 


(Since this shape is adequate for C; = 1.0, the steps shown below, computation of the actual 
value of C, and an adjustment of b,, are not necessary.) 


From Figure 5.15g, C, = 1.67. Modify 5, to account for Cy. 


Mrz pee ee 5 bee peer aes) Sen onye -ki 
Cy x ; Cox 9% Z- Oly eee 108 798. 1 ft-kips 


a = 297 fi-kips < 798.1.0 ft-kips use Me = 297 fi-kips 


bs 8 = 2,99 x 107 


Spey. ees 
~ OMy/Qs) —- 9(297) 
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Check Equation 6.8: p= 1,86 x 107°, by = 2.99 x 10% 
PP a+ byMax + byMay = (1.86 x 1073)(236) + (2.99 x 1073)(168) 
= 0.941 < 1.0 (OK) Use a W12 x 79 
6.7-2 
(a) LRFD solution 


The factored axial load is 
Py = 1,2(285/2) + 1.6(285/2) = 399.0 kips 
The factored moments are 
Mr (top) = 1.2(130/2) + 1.6(130/2) = 182.0 ft-kips 
Mrs (bot) = 1.2(100/2) + 1.6(100/2) = 140.0 ft-kips 
The amplification factor B; can be estimated as 1.0 for purposes of making a trial selection. 
Mux = ByxMnx = 1.0(182) = 182 ft-kips 
The effective length for compression and the unbraced length for bending are the same: 
KL = Ly = 12 ft. 
From Table 6-1, Try a W10 x 77, with p = 1.23 x 1073 and b, = 2.50 x 10°73, 
Determine which interaction equation to use: 
PP, = pPy = (1.23 x 1077)(399) = 0.4908 > 0.2 ». Equation 6.8 controls, 


As a preliminary check (remember that B; has not yet been computed and C; has not been 
accounted for) 


PP, + byMpy + byMy = pPut byMi + byMy 
= (1.23 x 1073)(399) + (2.50 x 10°3)(182) + 0 
= 0,946<1.0 (OK) 


Calculate 2: 
SSCs M\) ~9.6~0.4f-140.) ~ 
Coie 0.4( 44 ) = 0.6-0.4(-140.) — 0.9077 
2EI *(29 000)(455) : 
Pas = 2 = = 6280 k 
Ly? (12 x 122 ss 
Big Sse. 09077 = 0.9693 < 1.0 .. Bix = 1.0 as assumed 


ieee 1. 399 
ioe 6280 


(Since this shape is adequate for Cy = 1.0, the steps shown below, computation of the actual 
value of Cy and an adjustment of b,, are not necessary.) 


1 
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Compute C, and modify 6x to account for Cs. 


Git 12. 5SMimax 
b= 2 5Mmax + 3My + 4Mp + 3Mc 
ea Ea = 1.102 
~ 3,5(182) + 3(150.5) + 4(161) + 3(171.5) 
- a ere Ge Earnie Geameanoees “18 
Cy x baMnx Cox bxz-= 1.102 x @ x 86107 391. 8 ft-kips 


From the Z, table, @sMpr = 366 ft-kips < 391.8 ft-kips -. doMnx = 366 ft-kips 


bes eh = 43 x 1073 
i sae 


Check Equation 6.8: p= 1.23 x 1073, by = 2.43 x 107 
pPu + biMy + byMuy = (1.23 x 1077 )(399) + (2.43 x 1073)(182) 
= 0.933 < 1.0 (OK) Use a W10 x 77 
(b) ASD Solution 
The amplification factor B; can be estimated as 1.0 for purposes of making a trial selection. 
Moe = BiyMnx = 1.0(130) = 130 ft-kips 
The effective length for compression and the unbraced length for bending are the same: 
KL = Ly = 12 ft. 
From Table 6-1, Try a W10 x 77, with p = 1.85 x 10 and b, = 3.76 x 1073, 
Determine which interaction equation to use: 
pP, = pPg = (1.85 x 107?)(285) = 0.5273 > 0.2 .. Equation 6.8 controls. 


Asa preliminary check (remember that B, has not yet been computed and C; has not been 
accounted for), 


pPy + bsMrx + byMyy = PPa + bxMax + byMay 
= (1.85 x 1073)(285) + (3.76 x 1077 )(130) + 0 
= 1,02 > 1.0 (but close. Continue with this shape.) 
Calculate By: 


=h-6x. Mm) = 100) _ 
Cr Ze 0.4( 0:6~ 0.4(- ) = 0.9077 


130 
2eT, _ 2(29,000)(455) 

Pay = = = 6280 k 

Lane aay. (12 x 12) et 

Cc 0.9077 . 

Byy = —o ee = 0,9788 < 1.0 Bix = 1.0 as assumed 

ee a deOOPe |. 1.600285) : 

Peix 6280 


Compute C, and modify 5, to account for C5. 
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12. 5Minax 


MITT DEWEY PEST YY PEE 
ns 12.5(130) se es 
2.5(130) + 3(107.5) + 4(115) + 3(122.5) 
Mr. eee ge BSE Cee! (Weare -ki 
Cy x 0, Cy x 9% - 1.102 x 9 * 76x 103 260. 5 ft-kips 
Mox _ : ant = 2 My _ ; 
Oo = 244 ft-kips < 260.5 ft-kips ..use ce hee 244 ft-kips 


| Oren mes: Me 
? 9(Mpx/Q5) 9(244) 


Check Equation 6.8: =p = 1.85 x 1073, by = 3.64 103 
pP a+ bxMax + byMay = (1.85 x 107?)(285) + (3.64 x 1073)(130) 
=1.0 (OK) Use a W10 x 77 


= 3.64x 1093 


6.7-3 
(a) LRFD Solution 
Py = 1.2(0.25 x 45) + 1.6(0.75 x 45) = 67.5 kips 
Wy = 1.2(0.25 x 5) + 1.6(0.75 x 5) = 7. 5 kips/ft 
Mote = $(7.5)(12)? = 135.0 ft-kips 
The amplification factor B; can be estimated as 1.0 for purposes of making a trial selection. 
Mux = BixMnx = 1.0(135) = 135 ft-kips 
The effective length for compression and the unbraced length for bending are the same: 
KE = Ly = 12 ft. 
From Table 6-1, Try a W10 x 39, with p = 2.85 x 107 and b, = 5.68 x 1073. 
Determine which interaction equation to use: 
pP, = pPy = (2.85 x 107°)(67.5) = 0.1924 < 0.2 -. Equation 6.9 controls. 


As a preliminary check (remember that B; has not yet been computed and Cy has not been 
accounted for) 


0.5pP) + 2 (bsMne + bylMry) = 0.SpPu + 2-(beMux + byMuy) 
= 0,5(2.85 x 10-3)(67.5) + 35.68 x 10-3)(135) +0) 


=0.959<1.0 (OK) 


Calculate Bi: Use Cu = 1.0 (transversely-loaded member) 
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mE, _ 17(29,000)(209) 


Poy = oe. = E2000) 207) = 2885 kips 
Bey? (12 x 12)° = 
eed. ©: eee 1.0 oe 
Bee or oe 1. 024 
Pa 2885 


Mex = BiMn + BoMie = 1.024(135) +0 = 138. 2 ft-kips 
From Figure 5.15 in the textbook, Cs = 1.14. Modify 6, to account for Cp. 


x 8 lL 8 l am : 
Cy x“ boMnx = Cy x 9 x be = 1.14~x 9 x 568» 105 = 178. 4 ft-lcips 


From the Z, table, 6,Mpx = 176 ft-kips < 178.4 ft-kips -. @,Mix = 176 ft-kips 


= 8 = 8 7 3 
bx daa) 50176) 5.05 x 10 


Check Equation 6.9: p = 2.85 x 10°, by = 5.05 x 10° 
0. 5pPu+ 2 (bsMux + byMuy) 
= 0.5(2.85 x 103)(67.5) + 2((3.05 x 10)(138.2) +0) = 0.881 <1.0 OK) 
Try the next lighter shape, a W10 x 33 with p = 3.42 x 1073 and by = 7.00 x 10°. 
pPy = pPy = (3.42 x 10)(67.5) = 0.2309 > 0.2 «. Equation 6.8 controls. 
Peg = EE, = E2007) 9360 kips 


(KL)? (12 x 12)? 
Ban hie = OS os 
Bix 1- Py i = 67.5 1. 029 
Pa: 2360 


Mux = BiMnx + BxMo = 1.029(135) +0 = 138.9 ft-kips 
Modify 5, to account for Cy. 


a gees oe spr geen” Cote -ki 
Cy x O6Max Cex @ X ; Tg: 5 og 0 144. 8 ft-kips 


From the Z, table, @>Mpx = 146 ft-kips >144.8 ft-kips 


ee: Baerga reet wae 
9(¢sMm) 9(144.8) 


Check Equation 6.8:  p = 3.42 x 107, by = 6.14 10° 
pPy + byMux + byMuy = (3.42 x 1073)(67.5) + (6.14 x 10)(138. 9) 
=1.08>1.0 (NG) Use a W10 x 39 


= 6,14 x 107 


(b) ASD Solution 
Py = 45kips,  Mnx = 4(5)(12)? = 90.0 ft-kips 


The amplification factor B, can be estimated as 1.0 for purposes of making a trial selection. 
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Ma = ByMyz = 1.0(90) = 90 ft-kips 
KL = Ly = 12 ft. 
From Table 6-1, Try a W10 x 39, with p = 4.29 x 1073 and by = 8.53 x 1073, 
pP, = pP, = (4.29 x 10°7)(45) = 0.1931 < 0.2 ». Equation 6.9 controls. 
preliminary check: 


0.5pP, + 3 (bsMn + byMy) = 0.5pPa+ 3(B;Max + byMay) 
= 0.5(4.29 x 10°3)(45) + 4 ((8.53 x 10-3)(90) + 0) 
= 0.960 < 1.0 (OK) 


Calculate Bj: Use Cx = 1.0 (transversely-loaded member) 


2 2 
Pay, = ZBI. . #2(29,000)209) _ 995 king 


(K,L)? (12 x 12)? 
Pee OF TERE! | eee 
shes , LOOP; 7. 1.6045) ~ 197° 
Pes 2885 | 


Ma = BixMnx = 1.026(90) = 92. 34 ft-kips 
From Figure 5.15 in the textbook, Cy, = 1.14. Modify 6, to account for C5. 


C, x Mm =Cyx Bx td a1.14x 8x —_1_ = 118.8 tikips 


Qs 9 Ob 9 8.53 x 1073 
Mp _ : : : 1 : 
0,07 117 ft-kips < 118.8 ft-kips ..use On 117 ft-kips 
8 8 3 
Spates eee Ef 10 
bs 9(Myx/Qzh) -9C1 17) ee 


Check Equation 6.9: p= 4,29 1073, by = 7.60 x 103 


0.5pPq+ 3 (bsMax + byMay) = 0.5(4.29 x 1073)(45) + (7.60 x 10°3)(92. 34) + 0) 


= 0.886 < 1.0 (OK) Use a W10 x 39 


6,7-4 
(a) LRED Solution 
u = 1.2(0.33 x 95) + 1,6(0.67 x 95) = 139.5 kips 
The factored moments at the top are 
Mne = Mny = 1.2(0.33 x 102) + 1.6(0.67 x 102) = 149. 7 ft-kips 


The factored moments at the bottom are 


[6-38] 


Moe = Mny = 1.2(0.33 x 51) + 1.6(0.67 x 51) = 74. 87 ft-kips 


The amplification factor B; can be estimated as 1.0 for purposes of making a trial selection. 
For the two axes, 


Mux = BisMnx = 1.0(149.7) = 149. 7 ft-kips 

Muy = ByMny = 1.0(149.7) = 149.7 ft-kips 
Check the W10s. Try a W10 x112. From Table 6-1, with KL = Ly = 16 ft, 

p = 0.982 x 10°73, by = 1.69 103, by = 3.43 x 107 

pPy = (0.982 x 10°3)(139. 5) = 0.1370 < 0.2 -. Equation 6.9 controls. 
Asa preliminary check, 


0.5pP, + 3 (bs Mr + byMry) = 0.5pPu+ %(bxMia + byMuy) 
= 0,5(0.982 x 10-3)(139.5) + 2-((1.69 x 109)(149.7) + (3.43 x 107)(149.7)) 


= 0.931 <1.0 (OK) 
Check the W12s. Try a W12 x 96. From Table 6-1, 
p= 1.05x 10%, by = 1.70 x 107) bys 35110 
pPu = (1.05 x 1073)(139.5) = 0.1465 < 0.2 .. Equation 6.9 controls. 
Asa preliminary check, 
0.5pP,+ 4 (bxMux + byMy) 
= 0.5(1.05 x 10-3)(139,5) + 2((1.70 x 10-7)(149.7) + (3.51 x 107)(149.7)) 
= 0,951 <1.0 (OK) 
Check the W14s. Try a W14 x 90. From Table 6-1, 
p= 1.02x 107, by = 1.57x 104, by = 3.26 x 10% 
pPy = (1.02 x 10°3)(139.5) = 0.1423 < 0.2 .. Equation 6.9 controls. 
As a preliminary check, 
0.5pPy + 3 (bx + byMyy) 
= 0.5(1.02 x 10°3)(139.5) + 2 ((1.57 x 109)(149.7) + (3.26 x 107 )(149.7)) 
= 0,885 < 1.0 (OK) 
Try a W14 x 90 (the lightest) 


Calculate 8; for each axis: 
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Cuz = Cny = 0.6-0.4( 44 ) = 0.6 -0.4( 74.87 ) = 0.3999 


M2 149.7 
2 FI. nm? (29, 000)(999) ; 
P = Six Lee 2 _ 7756 k 
sant ¢aF5 (16 x 12)? = 
Bi, = ee = — 0.593 = 0.407 < 1.0 “. Bix = 1.0 as assumed 
1 a uu 1 ene dente ores sn 
elx 7756 
EI nm? (29, 000)(362) : 
Pay = me = RL = 2811 kins 
(RLY (16 x 12)? t 
By _ Cny eo — 0.392 = 0.421 <1.0 “. Biy = 1.0 as assumed 
; a , 
aks ea 


(Since this shape is adequate for C; = 1.0, the steps shown below, computation of the actual 
value of C; and an adjustment of 5,, are not necessary.) 
Compute C; and modify 5, to account for Cy. 


a 12. 5Mrpax 
2.5 Mmax + 3M, + 4Ms + 3Mc 


7 12.5(149.7) 
~ 2.5(149.7) + 3(18.73) + 4(37.42) + 3093.56) 


Cy 
= 2,174 


ee aoe eee Bo 951 FG 
Cy x boMix = Cp x 9 * x 2.174 x 9 * 037x103 1231 ft-kips 


From the Z, table, 6,Mpx = 573 ft-kips < 1231 ft-kips .. @sMyx = 573 ft-kips 


= eterel: Seraeet = 8 cd ~3 
by (boi) 9(573) 1.55 x 10 


0.5pP, + 3 (bsMux + byMy) 


= 0,5(1.02 x 10°7)(139.5) + 4.55 x 10-3)(149.7) + (3.26 x 10-3)(149.7)) 
= 0.881 < 1.0 (OK) Use a W14 x 90 
(b) ASD Solution 
The axial service load is P, = 95 kips 
The service-load moments at the top are Mya = Mny = 102 ft-kips 
The service-load moments at the bottom are Mn = Mny = 51 ft-kips 


The amplification factor By can be estimated as 1.0 for purposes of making a trial selection. 
For the two axes, 


May = BiyMny = 1.0(102) = 102 ft-kips 
Check the W10s. Try a W10 x112. From Table 6-1, with KE = L, = 16 ft, 
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p= 1.48x 107, by = 2.54x 10°, by = 5.15 x 10" 
Determine which interaction equation to use: 


ai = pPz = (1.48 x 103)(95) = 0.1406 < 0.2 «. Equation 6.9 controls. 
n Cc 


As a preliminary check, 


0.5pP, + 3 (bsMr + byMy) 
= 0.5(1.48 x 1073)(95) + 3-((2.54 x 1073)(102) + (5.15 x 1073)(102)) 
= 0.953 < 1.0 (OK) 
Check the W12s. Try a W12 x 96. From Table 6-1, 
p = 1.57x 107, by = 2.56 10°, by = 5.28 x 10° 
Determine which interaction equation to use: 


sts = pPq = (1.57 x 10°3)(95) = 0.1492 < 0.2 «. Equation 6.9 controls. 


As a preliminary check, 
0.5pP, + 3 (bsMr + byMy) 
= 0.5(1.57 x 10°3)(95) + 4 (2.56 x 1073)(102) + (5.28 x 1073)(102)) 
= 0.974<1.0 (OK) 
Check the W14s. Try a W14 x 90. From Table 6-1, 
p= 1.54« 10%, b, = 2.35 107°, by = 4,90 x 10% 


Determine which interaction equation to use: 


Pa 
Pi IQ- 


= pP, = (1.54 x 1073)(95) = 0.1463 < 0.2 «. Equation 6.9 controls. 
As a preliminary check, 

0.5pP,+ 3 (bsMr + byM,y) 

= 0.5(1.54 x 109)(95) + 2((2.35 x 10)(102) + (4.90 x 10°)(102)) 


= 0.905 <1.0 (OK) 
Try a W14 x 90 (the lightest), Calculate By for each axis: 


CoC x 0.6-0.4( $2 = 0.6-0.4(31-) = 0.4 


M) 102 

2 ET. n?(29,000)(999) ; 

Poy = Ea = PAA = 7756 k 
ae ¢. 8 (16 x 12)? - 
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By = Pane S ceeee Basen nek, NO 0.408 < 1.0 .. By = 1,0 as assumed 


;- 1.60P. ~ | _ 1.60(95) 


Paix 7756 
mEl,y _ (29,000)(362 
Liye a = 2811 kips 
0 GD? (16 x 12) P 
C 
- SEER s¥ Thee =, see DO = Fe = 
a p—1:60P2 | _ 1.60(95) 0.634 < 1.0 . Bi = 1.0 as assumed 
Pety 2811 


(Since this shape is adequate for C, = 1.0, the steps shown below, computation of the actual 
value of C, and an adjustment of b,, are not necessary.) 


Compute C, and modify b, to account for Cy. 


ae 12.5 Mimax 

5 2. 5Mamax + 3M 4 + 4M + 3M 

= 12,5(102) =2.174 

2.5(102) + 3(12. 75) + 4(25.5) + 3(63.75) ~~ 

Mn _ Big lee: ceva oe ki 

Cy x O; Peg a PSL NOR GS Sen an = 822. 3 ft-kips 
Myx = : . . Mix ae. : 
a. 382 ft-kips < 822.3 ft-kips ..use O, = 382 ft-kips 

capt AO ieee faye BE 4 
os = Salts) ~ 9G82) ~ 222% 10 


Check Equation 6.9: p= 1.54x 10, by = 2.33 x 10, by = 4.90 x 10° 
0.5pP, + 2 (bsMn + byMzy) 
= 0.5(1.54 x 10°3)(95) + 2 (2.33 x 109)(102) + (4.90 x 1073)(102)) 


= 0.903 < 1.0 (OK) Use a W14 x 90 


6.7-5 
(a) LRFD Solution 
Py, = 1,.2(135) + 1.6(415) = 826.0 kips 


The factored moments are 
Mn (top) = 1.2(90) + 1.6(270) = 540.0 ft-kips 
Mnx (bot) = 1.2(30) + 1.6(90) = 180.0 ft-kips 

The amplification factor B) can be estimated as 1.0 for purposes of making a trial selection. 
Ma = BixMnx = 1,0(540) = 540 ft-kips 

Try a W14 x 159, From Table 6-1, with KZ = L, = 20 ft, 
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p = 0.619x 1073, by = 0.863 x 107 
pPy = (0.619 x 1073)(826) = 0.5113 > 0.2 «. Equation 6.8 controls. 
As a preliminary check, 
pP,+bsMn + byMyy = pPu + bxMux + byMuy 
= (0.619 x 10°3)(826) + (0.863 x 107° )(540) +0 
=0.977<1.0 (OK) 


Calculate B) for the axis of bending: 


oe Mi) - le 180.) . 
Gex0.6 0.4( 44 0.6 0.4( 182.) 0.4667 


2 7(29,000)(1900) : 
. WEL _ %°(29,000)01900) _ 1 475 x 10! kips 


P oe, ~. 
(KL)? (0.8 x 20x 12) 
By = —Cm— = 0.4667 = 0,4944<1.0 —. Bix = 1.0 as assumed 
[= Py 1 — _ 826. 
Pie 14750 


(Since this shape is adequate for Cy = 1.0, the steps shown below, computation of the actual 
value of C; and an adjustment of 4,, are not necessary.) 


Compute Cy and modify 5, to account for Cp. 


— 12.5Mmax 
b= 5M max + 3Ma + 4Me + 3Mc 
_ 12.5(540) = 44s 
2.5(540) + 3(0) + 4(180) + 3(360) 
a es eee ere i ane et aoe sta 
Co x biMnx = Cox GX 5 2.143 x 3 x EESUE 2207 ft-kips 


From the Z, table, ¢sMpx = 1080 ft-kips < 2207 ft-kips ». d»Mnx = 1080 ft-kips 


jy a ta, +4 
by Shei) 5(1080) 8.23 x 10 


pPut bxMux + byMuy = (0.619 x 1077)(826) + (8. 23 x 10-4 )(540) + 0 
= 0.956 < 1.0 (OK) Use a W14 x 159 

(a) ASD Solution 
The axial service load is Pa = Po + Py = 135 +415 = 550 kips 
The service-load moments are 

Mn (top) = Mp + Mr = 90+ 270 = 360 ft-kips 

Mn (bot) = Mp + Mz = 30+ 90 = 120 ft-kips 
The amplification factor B; can be estimated as 1.0 for purposes of making a trial selection. 


Ma = BixMnx = 1.0(360) = 360 ft-kips 
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Try a W14 x 159, From Table 6-1, with KZ = L, = 20 ft, 
p = 0.930 x 1073, 5, = 1.30 x 103 
pP, = (0.930 x 10-3)(550) = 0.5115 > 0.2 «. Equation 6.8 controls. 
As a preliminary check, 
DP r+ byMry + byMy = pPa + bxMax + byMay 
= (0.930 x 1073)(550) + (1.30 x 1073)(360) + 0 
= 0.980 < 1.0 


Calculate B): 


Cute 0.6-0.4( 444 | Z 0.6-0.4( 122) = 0.4667 


El, _ 22(29,000)(1900 ae 
= LEI, _ 1°(29,000)(1900) _ 5 495 x 104k 
Pew = CR)? = (0.8 x 20x 12) ee ee 


no =- — 0.4667 7 : - 
By = Fe 1 60P, 7. 1.60(550) 550 0.4963 < 1.0 .. Biy = 1.0 as assumed 
Petx 14750 


(Since this shape is adequate for C, = 1.0, the steps shown below, computation of the actual 
value of Cy and an adjustment of b,, are not necessary.) 
Compute C; and modify 5, to account for C3. 


_ 12. 5Mmnax 
2.5 Mmax + 3M, + 4p + 3M 


7 12.5(360 
~ 2,5(360) + 3(0) + 4(120) + 3(240) 


Cy 


= 2.143 


Mux — 8& Abs ie 8 eee «kj 
Cy x a, = Chx 9 * . 2.143 x 9 * 130% 103 1465 ft-kips 


Mox Moz : 

Oo, = 716 ft-kips < 1465 ft-kips ..use Os 716 ft-kips 
— EWES eee = 8 = -3 

bs = OCA) ~ 90716) = 24% 10 


Check Equation 6.8: p = 0.930 x 1073, b, = 1.24 107 
DPa t+ bsMax + byMay = (0.930 x 10°7)(550) + (1.24 x 1073)(360) 
= 0.958 (OK) Use a W14 x 159 


6.7-6 
(a) LRFD Solution 
Py = 1.2(92/2) + 1.6(92/2) = 128.8 kips 
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The factored moments at the top are 
Mn = 1.2(160/2) + 1.6(160/2) = 224.0 ft-kips 
Myty = 1.2(24/2) + 1.6(24/2) = 33. 6 ft-kips 
The factored moments at the bottom are 
Muy = 1.2(214/2) + 1.6(214/2) = 299. 6 fi-kips 
Muy = 1.2(31/2) + 1.6(31/2) = 43. 4 ft-kips 


The amplification factor B; can be estimated as 1.0 for purposes of making a trial selection. 
For the two axes, 


Mw = BixMnx = 1.0(299.6) = 299. 6 ft-kips 
My = BiyMny = 1.0(43.4) = 43. 4 ft-kips 
Check the W10s. Try 2 W10 x100. From Table 6-1, with KZ = Ly = 16 fi, 
p= 1.11 1073, by = 1.93x 107, by = 3.89 10° 
pP, = (1.11 x 1073)(128.8) = 0.1430 < 0,2 .. Equation 6.9 controls. 
Asa preliminary check, 
0.5pP, + 3 (biMr + byM,y) = 0.5pPut 3 (bs Mus + byMuy) 
= 0.5(1.11 x 1073)(128. 8) + 2 ((1.93 x 1073)(299.6) + (3.89 x 1073)(43.4)) 
=0.912 <1.0 (OK) 
Check the W12s. Try a W12 x 79. From Table 6-1, 
p= 1.28 x 1073, by = 2.13 x 103, by = 4.37 x 107 
pPy = (1.28 x 1073)(128.8) = 0.1649 < 0.2 .. Equation 6.9 controls. 
As a preliminary check, 


0.5pPy + 3 (bsMux + byMuy) 
= 0.5(1.28 x 1073)(128.8) + (2 13 x 1073)(299.6) + (4.37 x 10°3)(43.4)) 


= 1,01 >1.0 (but close; retain this possibility) 
Check the W14s. Try a W14 x 82. From Table 6-1, 
p= 1.43 x 1073, by = 1.92 x 1073, by = 5.29 x 104 
pPy = (1.43 x 10°3)(128.8) = 0.1842 < 0.2 .. Equation 6.9 controls. 
As a preliminary check, 


0.5pPy + 4 (biMua + byMy) 
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= 0.5(1.43 x 1073)(128.8) + 3-((1.92 x 1073)(299.6) + (5.29 x 1077)(43.4)) 

= 0.998 < 1.0 (OK) 
Try a W12 x 79 (the lightest), p= 1.28x 107, 6, = 2.13 x 10%, b, = 4.37 x 1073 
Calculate 8, for each axis: 


7 - H-) = o3 224.0 \ 2 
Cm = 0.6 0.4{ = 0.6-0.4{ 4.0) 9.3009 


ve 29 
ee i) = a oO Nu! 
C= 66 0.4( 47 = 0.6-0.4( 33:5.) = 0.2903 


2 2 
Poy = El... 7(29,000)(662) _ 9931 kins 


(KL? (0.8 x 16 x 12)? 
Tee a = Se #0305810: 4 Bin= 10 ag assumed 


| na 3 


mEly _ 1(29,000)(216) _ 1699 ies 


Peay = — = 


(K,L)? (16 x 12)? 
5 Sas Sets O08. ss oe 
By = -~ Pee 0.3145 < 1.0 “. By = 1.0 as assumed 
Pas 1677 
Pa 12.5 Minox 
p25 Minx + 34 + 4Mg + 33M 
= 12.5(299, 6) = 2.222 
2.5(299.6) + 3(93.1) + 4(37.8) +3(168.7) 
=m & =e = 8 ee = let 
Cy x b6Mnx = Ce x 9 °F 2.222% a ana oe 927. 3 ft-kips 
From the Z, table, d,Mpx = 446 ft-kips < 927.3 ft-kips ». ¢,Mnx = 446 ft-kips 
big te aoe es et 1,99 107 


9@sMu) — 9(446) 
0.5pPu + 3 (bxMux + byMyy) 
= 0.5(1.28 x 1073)(128.8) + 21.99 x 103)(299.6) + (4.37 x 1077)(43.4)) 
= 0.967 < 1.0 (OK) Use a W12 x 79 

(a) ASD Solution 
The axial service load is P, = 92 kips 
The service-load moments at the top are 

Mnx = 160 ft-kips,  Mny = 24 ft-kips 


The service-load moments at the bottom are 
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Mn = 214 ft-kips, May = 31 ft-kips 


The amplification factor B, can be estimated as 1.0 for purposes of making a trial selection. 
For the two axes, 


Max = BirMnx = 1.0(214) = 214 fi-kips 
May = BiyMny = 1.0(31) = 31 ft-kips 

Check the W10s. Try a W10 x100. From Table 6-1, with KZ = Ly = 16 ft, 
p= 1.67 1073, b, = 2.90 10%, by = 5.84 x 10° 


Determine which interaction equation to use: 


Pa = pP, = (1.67 x 10)(92) = 0.1536 < 0.2 ., Equation 6.9 controls. 
P,Q 
As a preliminary check, 


0.5pP, + 2 (bsMrx + byMry) 
= 0.5(1.67 x 10-3)(92) + 2.((2.90 x 1073)(214) + (5.84 x 10°3)(31)) 
= 0.979<1.0 (OK) 
Check the W12s. Try a W12 x 79. From Table 6-1, 
p= 1.92% 107, by = 3.21 x 10%, by = 6.56 x 103 


Determine which interaction equation to use: 


Pa. = pP, = (1.92 x 1073)(92) = 0.1766 < 0.2 -. Equation 6.9 controls. 
Pri Qe 


As a preliminary check, 
0.5pP, + 3 (bsMra + byMry) 
= 0.5(1.92 x 10)(92) + 33.21 x 1073)(214) + (6.56 x 10°7)(31)) 
= 1,093 1:0: °(N.G) 
Check the W14s. Try a W14 x 82. From Table 6-1, 
p = 1.94x 1073, by = 2.79 x 107, by = 7.95 x 10° 
Determine which interaction equation to use: 


Pa = pP, = (1.94 x 10)(92) = 0.1785 < 0.2 -. Equation 6.9 controls. 
PylQe 


As a preliminary check, 


0.5pPr + 3 (bxMix + byMry) 
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= 0.5(1.94 x 1073)(92) + 3.((2.79 x 1073)(214) + (7.95 x 10°7)(31)) 
=1.04> 1.0 (but close; retain this possibility.) 


Try a W14 x 82. Calculate 8; for each axis: 


(isis 0.6-0.4{ 44 ) es 0.6 ~0.4( 190.) = 0.3009 


M, 214 
a ee +3) = 0.6~0.4{ 24) = 
Cwry = 0.6 0.4( 77 0.6-0.4(24) = 0.2903 


(KxL)? (0.8 x 16 x 12)? 


Bi eoaceee eee  S S009 GUST ERO:. ice aed aeasaimed 


; 160P, ~ | _ 1.60(92) 
Petx 10690 


n?EI m*(29, 000)(148) . 
Py wee ge OS) eT 
¥* (KD? (16 x 12)? oa 


Bij a 0 - Co aasgera “ame <1 asassumied 


| 1.60P2 ~ | _ 1.60(92) 
Pety 1149 


Compute Cy and modify b, to account for C4. 


7 12: 5Visig 
2.5 Minx + 3Ma + 4Mg + 3Mc 


_ 12.5(31 
2.5(31) + 3(10. 25) + 4(3.5) + 3(17.25) 


2 2 
Poy = Ex, B29, 00088). 1. 069 x 104 kips 


Ci 


= 2,227 


Mr _ 8 mee 8 aside acta Set «ky 
Cy x O, = C,x g * b. 2ieed 9 * 770x103 709. 5 ft-kips 


Mpx _ ’ 7 a Mx oe ] 
oe 347 ft-kips < 709.5 ft-kips ..use a 347 ft-kips 


bx = 2.56 x 107% 


5 ie 
WMnlQs) ~ 947) 
Check Equation 6.9: p = 1.94 1073, 6, = 2.56 x 103, by = 7.95 x 10° 
0.5pPr + 3 (bxMix + byMry) 
= 0.5(1.94 x 10-9)(92) + 2-((2.56 x 10)(214) + (7.95 x 10)G1)) 


= 0.983 < 1.0 (OK) Use a W12 x 79 
6.7-7 
(a) LRFD Solution 


Py = 1.2(0.25 x 80) + 1.6(0.75 x 80) = 120.0 kips 
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The factored moments at the top are 
Motz = 1.2(0.25 x 133) + 1.6(0.75 x 133) = 199. 5 ft-kips 
Moy = 1.2(0.25 x 43) + 1.6(0.75 x 43) = 64. 5 ft-kips 
The factored moments at the bottom are 
Mnx = 1.2(0.25 x 27) + 1.6(0.75 x 27) = 40. 5 ft-kips 
Muy = 1,2(0.25 x 9) + 1.6(0.75 x 9) = 13.5 ft-kips 


The amplification factor B; can be estimated as 1.0 for purposes of making a trial selection. 
For the two axes, 


Mux = BixMnx = 1.0(199.5) = 199, 5 ft-kips 
My = BiyMny = 1.0(64.5) = 64. 5 fi-kips 
Check the W10s. Try a W10 x77. From Table 6-1, with KL = Ly = 16 ft, 
p= 1.46x 1073, by = 2.62x 10, by = 5.16 x 10° 
pPy = (1.46 x 10°3)(120) = 0.1752 < 0.2 .. Equation 6.9 controls. 
As a preliminary check, 
0.5pP, + 3 (bsMr + byMry) = 0.5pPu + 3 (b:Mua + byMuy) 
= 0.5(1.46 x 10-3)(120) + 2 (2. 62 x 1073)(199.5) + (5.16 x 10-3)(64.5)) 
= 1.05 >1.0  (butclose; retain this as a possibility.) 
Check the W12s. Try a W12 x 72. From Table 6-1, 
p= 1.41 x 107, by = 2.37x 1073, by = 4.82 x 10” 
pPy = (1.41 x 10°3)(120) = 0.1692 < 0.2 .. Equation 6.9 controls. 
As a preliminary check, 
0. 5pPu+ 3 (bxMus + byMy) 
= 0.5(1.41 x 1077)(120) + 4 (2.37 x 1073)(199.5) + (4.82 x 1073 )(64.5)) 
= 0.966< 1.0 (OK) 
Check the W14s. Try a W14 x 68. From Table 6-1, 
p = 1.74x 107, by = 2.38« 10%, by = 6.42 x 10° 
pP, = (1.74 x 10°3)(120) = 0.2088 > 0.2 «. Equation 6.8 controls. 


As a preliminary check, 


DP ut bxyMux + byMuy 
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= (1.74 x 1073)(120) + (2.38 x 10-3)(199. 5) + (6.42 x 1077)(64. 5) = 1.098 
=1.10>1.0 (NG) 
TryaWl2x72, p=1.41x« 10%, 6, = 2.37x 10°, by = 4.82 x 10° 


Calculate B; for each axis: 


ene 0.6-0.4( 42 } is 0.6 -0.4( 40.5. ) = 0,6812 


M2, 199.5 
ay, ee Mm | BAe JS Vis 
Cine O56 0.4( 44 0.6-0.4(-13:3.) = 0,6837 
2EI, _ 2(29,000)(597) 
Poy = 2 = 2 = 4635 kips 
sealer a AY (16 x 12)? 3 
By, = Ge = 0.0812. 0.6993 1.0, By = 1.0 as assumed 
oe ~ 120 
Pa. 4635 
nEly _ 2(29,000)(195 
Po OO NOUS) sak 
ECOL (16 x 12)° ee 
By = x = 0.0837 = 0.7426<10 «By = 1.0 as assumed 
ae Paty ae 


Since the amplification factors are as assumed, and this shape is adequate for Cs = 1.0, 
computation of the actual value of C, and an adjustment of 5, are not necessary. The 
preliminary evaluation is sufficient. 


Use a W12 x 72 
(a) ASD Solution (abbreviated version; rejected trials not shown.) 
The axial service load is P, = 80 kips 
The service-load moments at the top are 
Mn = 133 ft-kips,  Mny = 43 ft-kips 
The service-load moments at the bottom are 
Mn = 27 ft-kips,  Mnry = 9 ft-kips 


The amplification factor B; can be estimated as 1.0 for purposes of making a trial selection. 
For the two axes, 


Ma. = BixMnx = 1.0(133) = 133 ft-kips 
May = BiyMny = 1.0(43) = 43 ft-kips 
Try a W12 x 72. From Table 6-1, 
p=2.12x 1073, b, = 3.56 x 10°, by = 7,24x 1073 
pP, = (2.12 x 10°)(80) = 0.1696 < 0.2 .°. Equation 6.9 controls. 
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As a preliminary check, 
0.5pP, + 3 (bsMn +b,My) 
= 0.5(2.12 x 1073)(80) + 2-((3.56 x 1073)(133) + (7.24 « 1077)(43)) 


= 0.968 < 1.0 (OK) 


Calculate B, for each axis: 


Gigs 0.6-0.4( 44 ) = 0.6-0.4(--4L) = 0.6812 


M; 133 
ee eae WEL No Bs ee Vie 
Coy = 0.6 0.4( 44. ) 0.6-0.4(-2) = 0.6837 
2 2 
Py = Ble. = 7(29,000)697) — 4635 kips 
(KxL) (16 x 12) 
- Cm 0.6812 7 
By, = i 1 60P, _ 1.60(80) 0.7005 < 1.0 ’. By, = 1,0 as assumed 
Periz 4635 
nEl 72(29,000)(195) 
Pe 2 = 1514k 
» * GL? (16 x 12)? - 
= Cry _ 0.6837. _ - 
By = 7 1. 60Ps = = 1. 60(80) = 0.7468 < 1.0 “. By = 1.0 as assumed 
Pety 1514 


Since the amplification factors are as assumed, and this shape is adequate for Cs = 1.0, 
computation of the actual value of Cs and an adjustment of b, are not necessary. The 
preliminary evaluation is sufficient. 


Use a W12 x 72 


6.7-8 
Assume that B; = B2 =1.0 for purposes of making a trial selection. 
My = B\Mn + BroMy = 1.0(270) + 1.0(30) = 300.0 fi-kips 
Try a W12 x 65. From Table 6-1, For AL = Ly = 16 ft, 
p = 1.57% 107, 5, = 2.66 x 10° 


Determine the critical effective length for compression. Use the sway condition. 


Kyl _ 2.0(16) _ 2 
rage = “pag = 18.29 R> KL = 16 8 


use KL = 18.29 ft for p (use Ly = 16 ft for b,). From Table 6-1, p = 1.71 x 10° (by 
interpolation). 


pP, = (1.71 x 1073)(75) = 0.1283 < 0.2 .. Equation 6.9 controls. 
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Consider the braced condition first. 


For the axis of bending, 
2 2 
mET, _ (29,000)(533) _ 4138 kips 


Preix — 
Oe (eee (16 x 12)? 
Bix = oi = 0.6111 < 1.0 “. Bi, = 1.0 as assumed 
Le ais 


Sway condition: 


For the axis of bending, 


2EI, _ 22(29,000)(533) 
Poy = Eh = 1035k 
(Kel)? (2.0 x16 x 12)? is 
Assume that }) Py = Py and }) Pe = Pe: 
ad 1 estate Neath cts, SS 
72 Gwar anOOS)) 
EP x3 1035 


The total amplified moment is 
M, = ByMy + BraMy = 1,0(270) + 1.078(30) = 302. 3 ft-kips 
Modify 6, to account for Co. 


= OM oe BO ipongs = Ns Rare ad re 
Cy x boM, = Cp x g * i, 1.67 x 9 * 766x107 558. 1 fi-kip 
From the Z, table, 6,4), = 356 ft-kips < 558.1 ft-kips “. @,:Mjx. = 356 ft-kips 


ees Ooty oe BL ~3 
by Doin) 9(356) 2.50 x 10 


Check Equation 6.9: p= 1.71 x 1073, by = 2.50 x 103 
0.5pPu+ (2) sMu + bpMiy) 
= 0.5(1.71 x 10°3)(75) + 2((2,50 x 10°3)(302.3) +0) = 0.914 <1 (OK) 
Use a W1i2 x 65 


6.7-9 


(a) LRFD Solution 


Load combinations involving dead load (D), roof live load (Z,), and wind load (W) are as 
follows: 


Load Combination 2: 1.2D+0.5L, 
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P, = 1.2(19) + 0.5(33) = 39. 3 kips 
My = 1.2(79) + 0.5(130) = 159. 8 ft-kips 
My = 0 


(Since the frame and loading are symmetrical, there are no sidesway moments for this load 
combination.) 


Load Combination 3: 1.2D+1.6£,+0.8W 

P, =1.2(19) + 1.6(33) + 0.8(-11 + 1.4) = 67. 92 kips 
My = 1.2(79) + 1.6(130) + 0.8(-46) = 266.0 ft-kips 
My = 0.8(32) = 25.6 ft-kips 

Load Combination 4: 1.2D+1.6W+0.5L, 

P, = 1.2(19) + 1.6(-11 + 1.4) + 0.5(33) = 23. 94 kips 
My = 1.2(79) + 1.6(-46) + 0.5(130) = 86, 2 ft-kips 
My = 1.6(32) = 51.2 ft-kips 


Load combination 3 will govern. For purposes of selecting a trial shape, assume B; = 1.0. 


a): ee ey: ee 3.6. \_ 
BPen = Ru hi = Rua 0.85( 3:6, ) 1224 


(The unfactored horizontal load ZH = 3.6 kips is used because the drift index is based on the 
maximum drift caused by service loads.) 


1 1 

‘s : ay 

7 1) 1.00(2 x 67,92) nee 
IPa 1224 


My, = BiMn + BoMy = 1.0(266) + 1.125(25.6) = 294, 8 fi-kips 


Try a W14x 61. From Table 6-1, using KL = Ly = 18 fi, p = 2.19 x 107, 
b, = 2.84 x 1073 


Determine the critical effective length for compression. Use the sway condition. Estimate 
the effective length factor as Ky = 2.0 


Kel _ 2.008) 2 14 75 ft < K,L = 18 ft. .. KL = 18 ftas assumed 
Vylry 2.44 


pPy = (2.19 x 10°3)(67.92) = 0.1487 < 0.2 .. Equation 6.9 controls. 


Consider the braced condition first. Use Ky = 1.0. 


3 2 
p,, =< E2Elz. _ 2°(29,000)(640) _ 3996 kins 


(KyL)* (1.0 x 18 x 12)? 
sneug al M1 \ &o6s (=2- se 
C206 0.4( 4+) = 0.6 0.4 ip) = 0-6 
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Cm 


= yee wae 0 Bo = P = 
n= eas ie O98 0.6106 < 1.0 .. By = 1,0 as assumed 
Pe 3926 


Since B; = 1.0 is the value originally assumed, and B, will not change, the previously 
computed value of M, = 294.8 ft-kips is unchanged. 


Modify 8, to account for Cy. 


= i een eae 1S Giese, Ss -ki 
Cy x 65M, = Cy x 9 * , 1.67 x 9 * eve 522. 7 ft-kips 


From the Z, table, 6,M, = 383 ft-kips < 522.7 fi-kips 
b, = — 8 __ = — 8 = 2.32 107 


Check Equation 6.9: p = 2.19 x 1073, by = 2.32 x 10% 
0.5pPy+ (2 ) (byMuz + byMuy) 
= 0.5(2.19 x 109)(67.92) + 2((2.32 x 107)(294.8) +0) 
= 0.844 (OK) Use a W14 x 61 
(b) ASD Solution 


Potential load combinations involving dead load (D), roof live load (L,), and wind load (W) 
are as follows: 


Load Combination3: D+L, 
Pq = 19+33 = 52 kips 
Mn = 79 +130 = 209 ft-kips 
My = 


(Since the frame and loading are symmetrical, there are no sidesway moments for this load 
combination.) 


Load Combination 5S: D+W 
Pg =19+(-114+1.4) = 9.4 kips 
Mn = 79 + (-46) = 33 ft-kips 
My = 32 ft-kips 

Load Combination6: D+0,75W+0.75L, 
Pq =19+0.75(-11 + 1.4) + 0.75(33) = 36.55 kips 
Mm = 79 + 0.75(—46) + 0.75(130) = 142.0 ft-kips 
My = 32 ft-kips 
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Assume load combination 3 controls. After a shape is selected, check combination 6. For 
purposes of selecting a trial shape, assume B, = 1.0. 


Ma = BiMn + B2My = 1.0(209) +0 = 209 ft-kips 
Try a W14x 61. From Table 6-1, using KL = Ly = 18 ft, 
p = 3.29x 1073, by = 4.27 x 107 
Determine the critical effective length for compression. Use the sway condition. Estimate 


the effective length factor as Ky = 2.0 
AL _ 2.008) 21475 f< KL =18ft. -. KL = 18 ftas assumed 


rxlVy 2.44 
pPq = (3.29 x 10)(52) = 0.1711 < 0.2 .. Equation 6.9 controls. 


For the braced condition, use K, = 1.0. 


EI, _ 12(29,000)(640) 
Pe = Oe = = 3926 k 
1 (KL)? (1.0 18x 12) ae 


Pa he MY = . (=2-} = 
C206 0.4( 4 0.6~0.4( =0-| = 0.6 


2 = C. - Gy . 0.6 
1-(aP,/Pe1)  1~(1.60P,/P.i) 1 — 1.60(52/3926) 


= 0.6130 < 1.0 B, = 1.0 as assumed 


Modify 6, to account for Cs. 


C, x Ym a cyx 8x lb = 1.67x 8x —1_ = 47.6 fr-kips 


Qs 9 x 9 * 437 103 
M : : M, : 
aie Le = feat oy " Patil £2. = - 
0, 254 fi-kips < 347.6 ft-kips ..use 0; 254 ft-kips 


oie ccc ea tas ae iy Ly 
by (Meri Qn) 5(254) 3.50 10 


Check Equation 6.9: p = 3.29 x 103, by = 3.50 x 107 | 


0.5pP, + J (bsMr + byM,y) 

= 0.5(3.29 x 107)(52) + 3-((3.50 x 1073)(209) +0) = 0.909 < 1.0 (OK) 
Check load combination 6: Py = 36.55 kips, Mn = 142 ft-kips, My = 32 ft-kips 

pPa = (3.29 x 10°3)(36.55) = 0.1202 < 0,2 .. Equation 6.9 controls. 


es aenres Sh ge eee cee ee a 
1—(aP,/P) 1-(1.60P/Pei) 1 1.60(36.55)/3926 


= 0.6091 < 1.0 B,; = 1.0 as assumed 
et DHL oS ee as 3.6.) _ 
=P. = Ry re Ru TAIL 0.85( ao 1224 
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Py a 1224 
Ma = Bi My + ByoMy = 1.0(142) + 1.106(32) = 177. 4 ft-kips 
Check Equation 6.9: p = 3.29 x 1073, by = 3.50 x 10° 


0.5pPq + (2 )@, ax + byMay) 
= 0,5(3.29 x 10*)(36.55) + 2.((3.50 x 10°3)(177.4) +0) 
= 0.759 < 1.0 (OK) Use a W14 x 61 


6.7-10 
(a) LRFD Solution 
Determine the total vertical load to be stabilized by the bracing. 
Load combination 2: 12D+0.5L, 
LP, = [1.2(0. 860)(45) + 0.5(1.45)(45)] x 3 = 237. 2 kips 
Load Combination 3: 1.2D+1.6£,+0.8V 
LP, = [1.2(0. 860)(45) + 1.6(1.45)(45) + 0. 8(-0.510)(45)] x 3 = 397. 4 kips 
Combination 3 controls; P, = LP, = 397. 4 kips 
From AISC Equation A-6-1, the lateral shear to be resisted is 
Po = 0.004P, = 0.004(397.4) = 1. 590 kips 


Design both braces as tension-only members, and let the entire force be resisted by one 
brace. Since Py, is the horizontal component of the brace force (see Figure 6.24a in the 
textbook), the brace force is 


Fa Po where @ = tan-!(18/45) = 21.80° 


_ 1.590. 
Ar ego) ee 


Based on the limit state of tension yielding, the required area is 


as ee I 2 
OSE ~ Dearsey 7 010528 in. 


From AISC Equation A-6-2, the required lateral stiffness is 


Pos [ 2697.4 . a 
Bor $( i ) 0-75 | 18 x 12) 4. 906 kips/in. 


The length of the brace is 
£ = (18 x 12)/sin(21.80°) = 581.6 in. 
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Let 
AE 20 = 2P, ) = 
a ia cos’? = 4 (4 4.906 


906L 4,906(581.6) 


4, a) 
he = 0.1141 in. 
Ecos?@  29,000cos(21.8°) = 


se 


The stiffness requirement controls. 


Use a tension brace with a cross-sectional area of at least 0.114 in.? 


(b) ASD Solution 
Determine the total vertical load to be stabilized by the bracing. 
Load combination 3 controls: D+L, 
P, = LPq = [0.860(45) + 1.45(45)] x 3 = 311.9 kips 
From AISC Equation A-6-1, the latera! shear to be resisted is 
Pr = 0.004P, = 0.004(311.9) = 1. 248 kips 


Design both braces as tension-only members, and let the entire force be resisted by one 
brace. Since P», is the horizontal component of the brace force (see Figure 6.24a in the 
textbook), the brace force is 


F= 4. where 0 = tan7!(18/45) = 21.80° 
cos@ 


= 1,248 = 
a cos(21. 80°) 1. 344 kips 


Based on the limit state of tension yielding, the required area is 


Awe 1 ne 467 M10 in? 


From AISC Equation A-6-2, the required lateral stiffness is 
Bor = al oP ) 2 2.00| AE | = 5.776 kips/in. 


Lp (18 x 12) 
The length of the brace is 
L =(18 x 12)/sin(21.80°) = 581. 6 in. 
Let 
AE 20 — Ht | si 
LE cost = O( 3) = 5.776 


Ecos’@ 29, 000cos*(21.8°) 


The stiffness requirement controls. 


Use a tension brace with a cross-sectional area of at least 0.134 in.? 
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6.8-1 

The loads transmitted by the purlins are as follows: 
Snow: 20(3)(25) = 1500 Ib = 1.500 kips 
Roof: metal deck: 2 psf 


roofing: 4 psf 
Insulation: 3 psf 
Total: 9 psf 


9(3)(25) = 675.0 Ib 
Purlins: 8.5(25) = 212.5 Ib 
Total dead load = 675 + 212.5 = 887. 5 lb = 0.8875 kips 
(a) LRFD Solution 
Load combination 3 will control: 
Py = 1.2D+1.6S = 1.2(0.8875) + 1.6(1.500) = 3. 465 kips 


The fixed-end moment for each top chord member is 


M = My = Suh = 20th = 2, 599 fi-kips 


The reaction at each end of the fixed-end top chord member is fe = 4.983. = |. 733 kips 


3.465 k 


2.599 fi-k G ,t » 2.599 fk 
at 


1.733 k 1,733 k 
Total interior panel point load = 3.465 + 2(1.733) = 6. 931 kips 


Exterior panel point load: 


Snow: 1500/2 = 750.0 Ib 
Roof: 675/2 = 337.5 lb 
Purlins: 212.5 Ib 


Py = 1.2(0.3375 + 0.2125) + 1.6(0.750) = 1. 860 kips 
Total exterior panel point load = 1.733 + 1.860 = 3. 593 kips 
Truss reaction at each end = 23.593 ; 16.931) _ 27, 85 kips 
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27,85 k 27.85 k 


Consider a free body of the portion of the truss left of section a-a: 


Si M, = (27.85 — 3.593)(18) — 6.931(12 + 6) —P,(5)=0, Py, = 62.37 kips 


3.593 k 
6.931 k 
6.931 k 
6.931 k 


27.85 k 


Design for an axial compressive load of 62.37 kips and a bending moment of 2.599 fi-kips. 
Try a WT5 x 15. From the column load tables with KxZ = 6 ft and KyZ = 3ft, @-P, = 166 
kips 

For the axis of bending, 


2 2 
Paes El, _ %7(29,000)(9.28) _ 512. 4 kips 


(K,L)? (6 x 12)° 


Cm = 1.0 (transversely-loaded member) 


Pee 5: Peer) (A. Heeemn™ 
B, = aR ae 62.37 1.139 
Pa 512.4 


My = BiMm + BoaMy = 1.139(2.599) + 0 = 2. 96 ft-kips 


The shape is compact for flexure. Check the limit state of yielding. Because the maximum 
moment is a fixed-end moment, the stem will be in compression, assuming that the flange is 


at the top. For stems in compression, 
My, = My = FyZx < My (AISC Equation F9-3) 


Since S, < Z,, the yield moment M, will control. 
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M, = My = FyS, = 50(2,24) = 112.0 in.-kips 
Check lateral-torsional buckling. From AISC Equation F9-5, 


2 7 5.24 \ [RSS _ 
22.3{ £)/% 293 (24) AS 0.8687 


(The minus sign is used when the stem is in compression anywhere along the unbraced 
length.) From AISC Equation F9-4, 


JEL GJ 
M, = My = : i —[B+ fT +B? | 


(29,000(8.35)(11, 200)0. 310) 
x B29, 00008 -35)(11,200)0, 310)" [-0.8687 + 1+ 0.8687)? ] 


6 x {2 
= 576.8 in.-kips 
The limit state of yielding controls. 
¢oM, = 0.90(112.0) = 100. 8 in.-kips = 8. 4 ft-kips 


Determine which interaction equation to use: 


Pio 62.37 | . i 2 
re Me = 0,3757 > 0,2 .. use AISC Equation H1-la. 


Pie cg RF Mg My )- 8 (2.96. 
8 (Mes + Faity } = 0.37574 & (496 2 +0) 


= 0.689 < 1.0 (OK) Use a WT5 x 15, 


(b) ASD Solution 
Load combination 3 will control: 
Pq = D+S = 0.8875 + 1.500 = 2. 388 kips 


The fixed-end moment for each top chord member is 
Pal _ 2.388(6) 
8 8 


M= My = = 1.791 ft-kips 


Pa 


The reaction at each end of the fixed-end top chord member is eS 2. 2.388 = 1. 194 kips 


Total interior panel point load = 2.388 + 2(1.194) = 4. 776 kips 
Exterior panel point load: 


Snow: 1500/2 = 750.0 lb 
Roof: 675/2 = 337.5 |b 
Purlins: 212.5 Ib 


Pz =0,750 + 0.3375 + 0.2125 = 1.3 kips 
Total exterior panel point load = 1.194 + 1.3 = 2. 494 kips 
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2(2.494) + 74.776) _ 19.21 kips 
t 


Truss reaction at each end = 


‘a 


8 @ 6 = 48 
19.21 k 19.21 k 


Consider a free body of the portion of the truss left of section a-a: 


30 My = (19.21 — 2.494)(18) ~ 4.776(12 + 6) - Pa(5) = 0, Pa = 42. 98 kips 


2.494 k 
4.776 k 
4.776 k 
4.776 k 


19.21 k 


Design for an axial compressive load of 42.98 kips and a bending moment of 1.791 ft-kips. 


Try a WTS x 15. From the column load tables with K,L = 6 ft and KyZ = 3ft, it = 110 
kips 
For the axis of bending, 
2 2 
Pace El, _ 7(29,000)(9.28) _ s1o 4 kj 
1 KGL? (6 x 12)? oe 
Cm = 1.0 (transversely-loaded member) 
ene ©) eee ene RE ere ee 
Bi= sae Pay = ToUe0PaPay ~ To 160@2.9aysi2. = * 1? 


Ma = B\My + BoMy = 1.155(1.791) + 0 = 2. 069 ft-kips 
From part (a), M, = 112.0 in.-kips 


Mn _ 112.0 _ in.-kips = -ki 
A; 67 67. 07 in.-kips = 5. 589 ft-kips 
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Determine which interaction equation to use: 


PGi AON : 
BJO, = ~Ti0 0.3907 > 0.2 .. use Eq. 6.5 (AISC Eq. H1-1a). 


Po, 8( Max, _ May ) _ 8 ( 2.069 
P,Q. 79 (=e; ai Ao a) cca a) (2583 +9) 


=0.720< 1.0 (OK) Use a WTS x 15. 


rrr NYC CAAABLALA ahem SrA ALLL tar fae POPES tre rae receetsotet esas 


6.8-2 


For the deck and built-up roof, the tributary width of top chord is 46.6/8 = 5. 825 fit. 
(2 + 5)(5.825)(25) = 1019 Ib 

Purlins: 12(25) = 300.0 lb 

For the snow, the tributary width of top chord is 45/8 = 5. 625 ft. 
18(5.625)(25) = 2531 Ib 

Assume a truss weight of 10% of the other gravity loads: 
0.10(1019 + 300 + 2531) = 385.0 Ib 

Total dead load = 1019 +300 + 385 = 1704 Ib 

(a) LRED Solution 

Load combination 3 will control: . 
Py = 1.2D+1.6S5 = 1.2(1.704) + 1.6(2.531) = 6, 094 kips 


The fixed-end moment for each top chord member is (see figure) 


M= My = 4 « oon gS = 8.570 ft-kips 


6.094 k 


ore 
8.570 fi-k oe and 


3.047 k 
3.047 k f 


45 


—— = 1125" | 
t 


Total interior panel point load = 6.094 + 2(3.047) = 12. 19 kips 
Exterior panel point load: 


Snow: 2531/2 = 1266 Ib 
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Deck and roof: 1019/2 = 509. 5 Ib 

Purlins: 300 Ib 

Truss weight: 0.10(1266 + 509.5 + 300) = 207. 6 lb 

P,, = 1.2(0.5095 + 0.300 + 0.2076) + 1.6(1.266) = 3.246 kips 
Total exterior panel point load = 3.047 + 3.246 = 6. 293 kips 


Truss reaction at each end = 7(12. 19) + 2(6.293) 48. 96 kips 


NO 


12.19k 
12.19 k 
213k 


6.293 k 


48.96 k 48.96 k 


The maximum top chord load is in the member adjacent to the support. Consider a free body 
of the pin at the left support: 


6,293 k 
6 
p_t®r 12 
—_— 45 
48.96 k 


DF, = 48.96 - 6.293 - <l2-P = 0, P= 165.7 kips compression 


Design for an axial compressive load of 165.7 kips and a bending moment of 8.570 ft-kips. 
Try a WT7 x 34 
From the column load tables with K,L = 46.6/4 = 11.65 ft and KyZ = 11.65/2 = 5.825 ff, 
6-Pn = 290.5 kips 
Since bending is about the x axis and the member is braced against sidesway, 
My = 8.570 ft-kips and My, = 0 


For the axis of bending, 


2 2 ; 
Pim EI, _ 2*(29,000)(32.6) _ 477. 4 kips 


(K,L)? (11.65 x 12)? 
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Cm = 1.0 (transversely-loaded member) 


ee ee 7 eee 
ania aS is 
Pa 477 4 


My = BiMn + BaMy = 1.532(8.570) +0 = 13. 13 ft-kips 


There is no footnote in the column load tables, so the shape is not slender. Since bending is 
about the weak axis, there is no lateral-torsiona! buckling. 


Check the limit state of yielding. Because the maximum moment is a fixed-end moment, the 
stem will be in compression, assuming that the flange is at the top. For stems in 
compression, 


M, = My = FyZ, <M, (AISC Equation F9-3) 
Since S, < Z;, the yield moment M, will control. 

My = My = FyS, = 50(5.69) = 284. 5 in.-kips 

ooM, = 0.90(284.5) = 256. | in.-kips = 21. 34 ft-kips 


Determine which interaction equation to use: 


Pu _ 165.7 _ ; a ete 
$.P, ~ 290-5 0.5704 > 0.2 .. use AISC Equation H1-la. 
fy + 8( Ma aa) Z 8 (13.13 = 
hae (Me + Gay ) = 0.57044 $ (BB+0)=112>10 Ws) 
Try a W117 x 37 


From the column load tables with K,£ = 11.65 ft and KyL = 5.825 ft, 6-Pn = 318.1 kips 


2 2 
Py = EE. ~ (29,000)(36.0) «597.9 kins 


(KL)? (11.65 x 12)? 


a Cae 1.0 2 
By 1 Px _ 165.7 1. 458 
Pai 527.2 


My = BiMy + BaMy = 1.458(8.570) +0 = 12. 50 ft-kips 


There is no footnote in the column load tables, so the shape is not slender. Since bending is 
about the weak axis, there is no lateral-torsional buckling. 


Mn = My = FyZ, <M, 
Since S, < Z,, the yield moment My will control. 
Mn = My = FySx = 50(6.25) = 312. 5 in.-kips 
ooM, = 0,90(312.5) = 281. 3 in.-kips = 23. 44 ft-kips 


P,, _ 165.7 = . i ms 
OP, 7 3181 0.5209 > 0.2 .. use AISC Equation H1-1a. 


[6-64] 


Pu , 8f Mu ve | = B (12.50 2 
+8 ( Me + Behiy ) = 0:5209+ 5 (42:59 +0) = 0.995 < 1.0 (OK) 


Use a WT7 x 37 
(b) ASD Solution 
Load combination 3 will control: 
P, = D+S = 1.704+2.531 = 4. 235 kips 


The fixed-end moment for each top chord member is (see figure) 


M = My = 2h = 4.235011.25). 5, 955 ft-kips 


4.235 k 


(5.955 ft-k 


5.955 fiek G - t 
2.118k 


218k| 
45 


ws = 11.25’ 


Total interior panel point load = 4.235 + 2(2.118) = 8.471 kips 
Exterior panel point load: 

Snow: 2531/2 = 1266 lb 

Deck and roof; 1019/2 = 509.5 Ib 

Purlins: 300 Ib 

Truss weight: 0.10(1266 + 509.5 + 300) = 207. 6 Ib 

P, = 1.266 + 0.5095 + 0.300 + 0.2076 = 2. 283 kips 
Total exterior panel point load = 2.118 + 2.283 = 4, 401 kips 
Truss reaction at each end = TBATI) $20. 201) = 34, 05 kips 


The maximum top chord load is in the member adjacent to the support. Consider a free body 
of the pin at the left support: 
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4.401 k 


. 466 12 
ee. AS 
34.05 k 


Si Fy = 34.05 ~ 4.401 - qe =0, P= 115.1 kips compression 


Design for an axial compressive load of 115.1 kips and a bending moment of 5.955 ft-kips. 


Try a WT7 x 37 
From the column load tables with K,Z = 11.65 ft and K,Z = 5.825 ft, ne = 211.4 kips 
EI m*(29,000)(36.0) : 
Pe = ee = FM Ne 527.21 
1 (KL) (11.65 x 12)2 
Cm = 1.0 (transversely-loaded member) 
ieee 2 aon = 1,537 


1-(@P,/Pa)  1-(1.60P,/P.1)  1—1.60(115.1)/527.2 
Ma = BiMm + BoaMy = 1,537(5.955) +0 = 9. 153 ft-kips 


There is no footnote in the column load tables, so the shape is not slender. Since bending is 
about the weak axis, there is no lateral-torsional buckling. 


Since S, < Z,, the yield moment M, will control. 
Mr, = My, = F,S; = 50(6.25) = 312. 5 in.-kips 


Mis 35 BVO S: 5 ta A eae ale 
OG, ~ “163 = 187, 1 in.-kips = 15, 59 fi-kips 


Determine which interaction equation to use: 


Shas & AGT 
P10, 7 aire 7 9-5445> 0.2 ~. use Eg. 6.5 (AISC Eq. H1-1a). 


i 
pg +E Mes pe ) = 0.5445 + 8 (2153 +0) 
9\ Mm/Qe ~ MylQy ) ~° 9 \ 15.59 


=1.07>1.0 (NG) 


Try a WT7 x 41 
From the column load tables with K,Z = 11.65 ft and K,L = 5.825 fi, fe = 237.0 kips 
¢ 


2 2 
Py, = E2EE. . #2(29,000)(41.2) «605.4 kips 


(KL)? ~~ (11.65 x 12)? 
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= eS eee = Laem (| Meera = | 
Bi= T—(e0PAPay = To1e0dis.iyeos4 = 17? 


My = BiMyu: + BoMy = 1.439(5.955) +0 = 8. 569 ft-kips 


There is no footnote in the column load tables, so the shape is not slender. Since bending is 
about the weak axis, there is no lateral-torsional buckling. 


Since S, < Z,, the yield moment M, will control. 


M, = My = FySy = 50(7.14) = 357.0 in-kips 


Mr, _ 357.0 Wi tio ok ki 
Q; 167 213. 8 in.-kips = 17. 82 ft-kips 
| yee oe ae ' : 
BJO, ~ 237.0 0.4857 > 0.2 .. use Eq. 6.5 (AISC Eq. H1-1a). 
Py _ . &{ Mas May _) _ 8 f 8.569 
PQ, * 9 Cra Maly ) = 0.4857 + £ (995 +0) 


=(.913 < 1.0 (OK) Use a WT7 x 41 


eet tt A 
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CHAPTER 7 - SIMPLE CONNECTIONS 


73-1 
(a) Minimum spacing = 24d = 2.667(7/8) = 2. 33 in. < 2.75 in. (OK) 
Minimum edge distance from AISC Table J3.4 = 1.5 in.= actual Le (OK) 
(b) Check bearing on gusset plate (it has the smaller thickness; everything else is the same). 


Te (ease me ny 
h=d+ ig 37 ig i in. 


For the holes nearest the edge, 


15/16 
2 


Resi aise = 1,031 in. 


2 
Ry = 1.2LefFy = 1.2(1.031)(3/8)(58) = 26. 91 kips 


The upper limit is 
2.4dtF, = 2.4(7/8)(3/8)(58) = 45. 68 kips > 26.91 kips 
’. use Ry = 26.91 kips 
For the other bolts, 


= _ — urd, 2. i 
Le = §-—h = 2,75 13 1, $13 In. 


R, = 1.2L-tFy = 1.2(1.813)(3/8)(58) = 47. 32 kips 
2.4atF,, = 45.68 kips < 47.32 kips .. use R, = 45.68 kips 
For the connection, the total bearing strength is 


26.91 + 2(45,68) = 118.3 kips n = 118 kips 


73-2 
(a) Minimum spacing = 22d = 2.667(3/4) =2.0in.<2.5in, (OK) 
Minimum edge distance from AISC Table J3.4=1.25in.< 1.5in. (OK) 


(b) Check bearing on gusset plate (it has the smaller thickness; everything else is the same). 


ee Bi Seecrenge ase ee OR CSr, 
EOD Gg ee ie. 16. 
For the holes nearest the edge, 


ey ee ae ee) 
a a aa Oia 


From Table 2-4 in Part 2 of the Manual, F,, = 70 ksi for A242 steel of this thickness. 


= 1, 094 in. 
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Ry = L2LetFy, = 1.2(1.094)(3/8)(70) = 34. 46 kips 
The upper limit is 
2.4dtF, = 2.4(3/4)(3/8)(70) = 47. 25 kips > 34.46 kips 
“use R, = 34.46 kips 
For the other bolts, 


Pa eas ee ee ee : 
Lo =S5~-h=3 1é 2. 188 in. 


Ry = 1.2L fF, = 1.2(2.188)(3/8)(70) = 68. 92 kips 
2.4dtF, = 47.25 kips < 68.92 kips .. use R, = 47,25 kips 


For the connection, the total bearing strength is 


2(34.46) + 4(47.25) = 257.9 kips n = 258 kips 


‘crepes bee err see AGRA A dh HHEASAIAaP CH ELA ts ere 


(a) Minimum spacing = 24-d = 2.667(7/8) = 2.33 in.<3in. (OK) 
Minimum edge distance from AISC Table J3.4=1.5in.<2in. (OK) 
(b) Design strengths. Bolt shear: 4; = md*/4 = 2(7/8)7/4 = 0.6013 in2 
The nominal shear capacity of one bolt is 
Ry = FryAp = 24(0.6013) = 14. 43 kips 
For 6 bolts, the nominal shear strength is 6(14.43) = 86. 58 kips 


eee: ] Itoi 


Check bearing on gusset plate. hk = d+ 6 ee Is 


For the holes nearest the edge, L, = L. - 4 =3- 1216 = 2,531 in, 


Ry = 1.2L0-tFy, = 1.2(2.531)(3/8)(58) = 66. 06 kips 
The upper limit is 
2.4dtF, = 2.4(7/8)(3/8)(58) = 45. 68 kips < 66.06 kips 
“, use R, = 45.68 kips 
For the other bolts, 


a eae eee i 
Le=s-h=3 3 2. 063 in. 


Ry = 1.2L fF y = 1.2(2.063)(3/8)(58) = 53. 84 kips 
2.4dtF,, = 45.68 kips < 53.84 kips .. use R, = 45.68 kips 


For the connection, the total nominal bearing strength is 6(45.68) = 274. | kips 
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Although the bearing strength of the gusset plate will control (its thickness is less than that of 
the channel, and its ultimate tensile stress is less), the bearing strength of the C8 x 18.7 will 
be computed for illustration. 


ty = 0.487 in. and F’, = 65 ksi 


For the holes nearest the edge, ZL, = Le - # = 2 — 


Ry = 1.2L .tFy = 1.2(1.531)(0.487)(65) = 58. 16 kips 


4318 24-531 in 


The upper limit is 
2.4dtF, = 2.4(7/8)(0.487)(65) = 66. 48 kips > 58.16 kips 
“use R, = 58,16 kips 
For the other bolts, 


Re re. eee Oo 
Le=s-h=3 16 2. 063 in. 


R, = 1.2L ¢tFy = 1.2(2.063)(0.487)(65) = 78. 37 kips 
2.4dtF,, = 66.48 kips < 78.37 kips -. use Ry» = 66.48 kips 
For the connection, the total nominal bearing strength is 
2(58. 16) + 4(66.48) = 382.2 kips (gusset plate controls for bearing) 
For shear, Ry» = 0.75(86. 58) = 64. 9 kips 
Forbearing,  @R, = 0.75(274.1) = 206 kips 
(c) Allowable strengths: From part (b), 


nominal shear strength = 86.58 kips, | nominal bearing strength = 274.1 kips 


Rn . 86.58 — : 
For shear, Oo = 9% = 43.3 kips 


For bearing, ae = and = 137 kips 


74-2 
(a) Minimum spacing = 22-d = 2.667(7/8) = 2.33 in. <2.75 in. (OK) 
Minimum edge distance from AISC Table J3.4=1.5in.=actualZ, (QK) 
(b) Bolt shear: 4, = md?/4 = n(7/8)*/4 = 0.6013 in? 
Shear capacity of one bolt is 
R, = FAs = 48(0.6013) x 2 = 57. 72 kips (double shear) 
For 4 bolts (consider each side of the connection separately), 4(57.72) = 231 kips 


For bearing, the steel is the same for the tension member and the splice plates, the edge 
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distances are the same for the tension member and the splice plates, and the combined 
thickness of the splice plates is the same as the thickness of the tension member. As a 
consequence, the bearing strength will be the same for both the tension member and the 


splice plates. 
Check bearing on the tension member, A = d+ +r = 4 + + =e in. 


For the holes nearest the edge, L, = L, - 4 = [1.5- ie = [, 031 in, 


Ry, = 1.2L-tFy = 1.2(1.031)(1/2)(58) = 35. 88 kips 
The upper limit is 
2.4atF’, = 2.4(7/8)(1/2)(58) = 60. 9 kips > 35.88 kips 
“. use R, = 35,88 kips 
For the other bolts, 


Rey ee ae ae 
Lo =s—-h=2.75 ié 1. 813 in. 


Ry = 1.2L ¢tF, = 1.2(1.813)(1/2)(58) = 63. 09 kips 
2.4dtF,, = 60.9 kips < 63.09 kips .. use R, = 60.9 kips 
For the connection, the total nominal bearing strength is 
2(35.88) + 2(60.9) = 194 kips 
For shear, R, = 231 kips. For bearing, R, = 194 kips 


7.4-3 
Ay = md?/4 = ©(3/4)7/4 = 0.4418 in.” 
Nominal shear capacity of one bolt in double shear is 
Ry = FryAp = 48(0.4418) x 2 = 42. 41 kips 
The nominal bearing strength of one bolt (gusset plate thickness controls) is 
2.4dtF, = 2.4(3/4)(3/8)(58) = 39. 15 kips < 42.41 kips for shear 
.. Bearing strength controls. 
(a) LRFD solution:  @R, = 0.75(39.15) = 29. 36 kips/bolt 
Py = 1,.2D+1.6L = 1.2(7) + 1.6(14) = 30. 8 kips 


Number of bolts required is aOR = 1.05 Use 2 bolts 
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(b) ASD solution; 4a = 32:15 — 19, 58 kips/bolt 
Py =D+L=7+14 = 21 kips 


Number of bolts required is 1] 5g 1.07 Use 2 bolts 


i. env cere i EPEAT EEA FICC CUPP ECE HP nel ASEAN 


Ap = nd2/4 = 2(7/8)7/4 = 0.6013 in.? 
Nominal shear capacity of one bolt in double shear is 
Ry = FAs = 48(0.6013) x 2 = 57. 72 kips 


Assume that the upper limit of 2.4d¢F,, controls for bearing strength. Since 3/8 in. < 1/4 + 
1/4 = 1/2 in., the bearing strength of one bolt is 


2.4dtF,, = 2.4(7/8)(3/8)(58) = 45. 68 kips < 57.72 kips for shear 
”, Bearing strength controls. 
(a) LRFD solution:  @R, = 0.75(45.68) = 34. 26 kips/bolt 

P, = 1.2D + 1.6L = 1.2(0.25 x 60) + 1.6(0.75 x 60) = 90.0 kips 


Number of bolts required is = 2. 63, use 4 bolts for symmetry on each side, 


90 
34.26 
Use 8 bolts 


(b) ASD solution: 2x = 45:68 ~ 19. s8kips/bolt, Pa = D+L = 60kips 


= 3. 06, use 4 bolts for symmetry on each side. 


eT ee 
Number of bolts required is 19.58 
Use 8 bolts 


Bolt shear: A, = md2/4 = 2(3/4)7/4 = 0.4418 in.? 
Nominal shear capacity of one bolt is 

Rn = FnvAp = 48(0.4418) = 21. 21 kips 
For 6 bolts, 6(21.21) = 127. 3 kips 


Check bearing on tension member (it has the smaller edge distance; everything else is the 
same): 


For the holes nearest the edge, 
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| ee ee ee = 1, 094 in. 


2 
Ry = 1.2L ¢tFy = 1.2(1.094)(5/16)(58) = 23. 79 kips 


_ 1316 
2 


The upper limit is 
2.4dIF,, = 2.4(3/4)(5/16)(58) = 32. 63 kips > 23.79 kips 
“. use R, = 23.79 kips 
For the other bolts, 


Stan Be IS oo ; 
Le = 8S-~h= 3.5 16 2. 688 in. 


Ry = 1.2L¢-fFy = 1,2(2.688)(5/16)(58) = 58. 46 kips 
2.4dtF, = 32.63 kips < 58.46 kips .. use R, = 32.63 kips 
For the connection, the nominal bearing strength is 
2(23.79) + 4(32.63) = 178. 1 kips 
Shear controls. R, = 127.3 kips. 
(a) LRFD solution: Ry = 0.75(127.3) = 95. 48 kips 
Let 1.2D+1.6(2D) = 95.48 


D = 21.70 kips, L = 43.40 kips, Total =21.70 + 43.40 = 65. 1 kips 
(b) ASD solution, 22 = 127.3 — 63.65 kips =P, Total = 63.7 kips 
Q ~ “3-60 Total = 63.7 kips 

7.4-6 


Bolt shear (assume that the threads are in shear): A, = 2d?/4 = 2(7/8)°/4 = 0.6013 in 
Nominal shear capacity of one bolt is 

Ry = FryAy x 2 (for double shear) = 48(0.6013) x 2 = 57. 72 kips/bolt 
For 5 bolts, 5(57.72) = 288. 6 kips 


Check bearing on the gusset plate (it is thinner than the combined thickness of the angles): 


= g as a = "6. In 
For the hole nearest the edge, 
ep aie dg: Ao. = 
L, = Le 7 2 7 = 1.531 in. 


Ry = 1,2LcfFy = 1.2(1.531)(3/8)(58) = 39. 96 kips 
The upper limit is 
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2.4atF, = 2.4(7/8)(3/8)(58) = 45. 68 kips > 39.96 kips 
“use R, = 39.96 kips 
For the other bolts, 


aa ee eee eee eee 
L,=s-h=3 16 2. 063 in. 


Ry, = 1,2L.tF, = 1.2(2.063)(3/8)(58) = 53. 84 kips 
2.4atF’, = 45.68 kips < 53.84 kips .. use Ry, = 45.68 kips 
For the connection, the nominal bearing strength is 
39.96 + 4(45.68) = 222. 7 kips 
Bearing controls, R, = 222.7 kips. 
(a) LRFD Solution 
OR, = 0.75(222.7) = 167 kips 
P, = 1.2D+ 1.6L = 1.2(40) + 1.6(100) = 208 kips> 167 kips —_ (N.G.) 
connection does not have enough capacity. 
(b) ASD Solution 


DG ig Re i 
QO = 560 111 kips 


P,= D+L=40+100 = [40kips>1llkips (N.G.) 


connection does not have enough capacity. 


7,6-1 
Bolt shear (assume that the threads are in shear): A» = d?/4 = 2(7/8)7/4 = 0.6013 in? 
Nominal shear capacity of one bolt is 
Ry = F'pyAg x 2 (for double shear) = 48(0.6013) x 2 = 57. 72 kips/bolt 
For 8 bolts, 8(57.72) = 461. 8 kips 


Check bearing on gusset plate (it is thinner than the combined thickness of the angles, the 
edge distance is the same as for the angles, and the ultimate tensile stress F, is smaller): 


ey te See 
A= + g in. 


8 16 1 
For the hole nearest the edge, 
15/16 . 
L =L,-4 ae an Si = 1,531 in. 


Ry = 1.2LetFy = 1.2(1.531)(5/8)(58) = 66. 60 kips 
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The upper limit is 
2.4dtF, = 2.4(7/8)(5/8)(58) = 76. 13 kips > 66.60 kips 
“. use R, = 66.60 kips 
For the other bolts, 
Le =s-h=3- 42 = 2,063 in, 
Ry = 1.2L ¢tFy = 1.2(2.063)(5/8)(58) = 89. 74 kips 
2.4dtF, = 76.13 kips < 89.74 kips .. use R, = 76.13 kips 
For the connection, the bearing strength is 
2(66. 60) + 6(76. 13) = 590. 0 kips 
Tension on the gross section: Ag = 2(7.13) = 14. 26 in.” 
Pn = FyAg = 50(14.26) = 713.0 kips 


Net section: 


Ay = Ag Lida = 2[7.13-2( 2)($+4) ] = 11. 76 in? 


8 
y=1-~%=1-+2 = 0.8089 
A, = A,U = 11.76(0.8089) = 9. 513 in.? 
P, = FyAe = 65(9.513) = 618. 3 kips 
(a) LRFD solution. Compute the design strength: 
For bolt shear, @R, = 0.75(461.8) = 346. 4 kips 
For bearing, @R, = 0.75(590.0) = 442. 5 kips 


For tension on the gross section, $;Pn = 0.90(713.0) = 641.7 kips 
For tension on the net section, @:P, = 0.75(618.3) = 463. 7 kips 


Bolt shear controls. P, = 346.4 kips. Since D > 8L, load combination 1 controls. 


1.4D = 1.4(8.5L) = 346.4 => LE = 29.11 kips 
P=D+L = 8,5(29.11) + 29.11 = 277 kips 


(b) ASD solution. Compute the allowable strength: 


Ra = 461.8 ir i 
For bolt shear, Q = 500 230. 9 kips 


For bearing, 4s a 300. = 295.0 kips 


For tension on the gross section, Rn — 713.0 . 426.9 kips 
Q, 1.67 


P = 277 kips 


. : Roe 618.3 - 4 : 
For tension on the net section, a 200” 309, 2 kips 
Bolt shear controls. Pz = 231 kips P = 231 kips 
7 b-2 


Determine the nominal shear and bearing strengths per bolt. The shear strength is 


Ry = FAs = 60(0.6013) x 2 = 72. 16 kips/bolt 


Bearing: h=d++=1+1- 


6 
Edge bolts: L, = L.-4 SS ee 08 Tan: 


R, = 1.2LetF'y = 1.2(1.031)(0.5)(58) = 35. 88 kips/bolt 
Upper limit = 2.4dtF, = 2,4(7/8)(0.5)(58) = 60. 9 kips/bolt > 35.88 kips/bolt 
“use R, = 35,88 kips/bolt 


Other bolts: L, = s—h = 3- 43 = 2, 063 in. 


R, = 1.2L,.tFy = 1.2(2.063)(0.5)(58) = 71. 79 kips/bolt 
2.4dtF, = 60.9 kips/bolt < 71.79 kips/bolt .. use @R, = 60.9 kips/bolt 
(a) LRFD Solution 
Py = 1.2Pp+ 1.6P, = 1.2(35) + 1.6(86) = 179. 6 kips 
Select the number of bolts based on shear, then check bearing. The shear strength is 


@R, = 0.75(72.16) = 54, 12 
179.6 


af ae ike 3. 32, Try 4 on each side. 


No. bolts required = 


The total bearing strength is 
oR,» = 0.75[2(35. 88) + 2(60.9)] = 145.2 kips< 179.6 kips  (N.G.) 
Try 2 rows of 3 bolts on each side (for symmetry): 
Total OR, = 0.75[3(35.88) + 3(60.9)] = 217. 8 kips >179.6 kips = (OK) 
Use 6 bolts each side, 12 total 
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(b) ASD Solution 
Pag =Pp+P, = 35+ 86 = 121.0kips 


Select the number of bolts based on shear, then check bearing. The shear strength is 


Ra . 72.16 _ ‘ 
fe) = “5°00 = 36, 08 kips/bolt 


No. bolts required = 34. = 3,35, Try 4 on each side. 


The total bearing strength is 
Rn = —1_/9(35, 88) + 2(60.9)] = 96.8 kips< 121] kips  (N.G.) 
Try 2 rows of 3 bolts on each side (for symmetry): 
Total R,/Q = [3(35.88) + 3(60.9)]/2.00 = 145 kips>121 kips (OK) 
Use 6 bolts each side, 12 total 


76-3 
LRFD Solution 
Py, = 1.2D+1.6£ = 1.2(45) + 1.6(90) = 198.0 kips 


The bearing strength of the gusset plate is smaller than the bearing strength of the member. 
For one bolt, 


ORn = $(2.4dtF,,) = 0.75(2.4)(7/8)(3/8)(65) = 38. 39 kips 
(a) For shear strength, assume that threads are in the plane of shear. 

Ay = nd?/4 = (7/8)7/4 = 0.6013 in.? 

ORn = 0.75 F As, = 0.75(24)(0.6013) = 10. 82 kips/bolt < 38.39 kips/bolt 

Number required = 198/10.82 = 18.3 
Use an even number for symmetry. Use 20 bolts 
(b) @Ry = 0.75F yA = 0.75(48)(0.6013) = 21. 65 kips/bolt < 38.39 kips/bolt 

Number required = 198/21.65 = 9.2 Use 10 bolts 
(c) OR, = 0.75F yA, = 0.75(60)(0.6013) = 27. 06 kips/bolt < 38.39 kips/bolt 

Number required = 198/27.06 = 7.3 Use 8 bolts 
(d) A307; 20(1) = 20.0 

A325: 10(1.7) = 17.0 

A490: 8(2.6) = 20.8 
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A325 bolts have the smallest relative cost. A325 bolts are the most economical 


ASD Solution 
Pg = D+ = 45490 = 135 kips 


The bearing strength of the gusset plate is smaller than the bearing strength of the member. 
For one bolt, 


Ry _ 2.4dtFy _ 2.4(7/8)(3/8)(65) _ ‘ 
é RE 6 GH as 25. 59 kips 


(a) For shear strength, assume that threads are in the plane of shear. 
Ay = nd2/4 = 2(7/8)7/4 = 0.6013 in.? 


Ru = Fmd 240. ool = 7.216 kips/bolt < 25.59 kips/bolt 


Number required = 135/7.216 = 18.71 


Use an even number for symmetry. Use 20 bolts 
(b) Be = Ande AO et) = 14, 43 kips/bolt < 25.59 kips/bolt 

Number required = 135/14,.43 = 9. 356 Use 10 bolts 
(c) & = pels = Oe eet) = 18. 04 kips/bolt < 25.59 kips/bolt 

Number required = 135/18.04 = 7, 483 Use 8 bolts 


(d) A307: 20(1) = 20.0 
A325: 10(1.7) = 17.0 
A490: 8(2.6) = 20.8 


A325 bolts have the smallest relative cost. A325 bolts are the most economical 
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(a) 

Bolt Single-shear Slip-critical design Single-shear Slip-critical allowable 
Diameter design strength strength, one slip plane allowable strength strength, one slip plane 

(in.) (kips) (kips) (kips) (kips) 

1/2 7.069 4.746 4.712 3.164 

5/8 11.04 7.515 7.363 5.010 

3/4 15.90 11.07 10.60 7.383 

7/8 21.65 15.42 14.43 10.28 

1 28.27 20.17 18.85 13.45 

1 1/8 35.78 225 23.86 14.77 

1 1/4 44.18 28.08 29.45 18.72 

1 3/8 53.46 33.62 35.64 22.41 

1 1/2 63.62 40.74 42.41 27.16 


(b) Shear never controls in a slip-critical connection; the slip-critical strength is always 
smaller. 


7.6-5 

Determine the nominal strengths for all limit states. For shear, 
Ay = n@?/4 = n(1.125)7/4 = 0.994 in? 
Ry = FmAp = 48(0.994) = 47. 71 kips/bolt 

For 4 bolts, R, = 4(47.71) = 190. 8 kips 


Slip-critical strength: From AISC Table J3-1, the minimum bolt tension is 7, = 56 kips. 
From AISC Equation J3-4, 


Rn = UD yhscT Ns = 0.351. 13)C1.0)(56)C1.0) = 22. 15 kips/bolt 
For 4 bolts, Ry, = 4(22.15) = 88. 6 kips 


Bearing: h=d+ ad = it + + = 1, 188 in. 


Edge bolts: Le = Le - 4 = 2- 13h = 1.406 in. 
Ry = 1.2L fF) = 1.2(1.406)(1/2)(58) = 48. 93 kips/bolt 
Upper limit = 2.4dtF,,) = 2.4(1.125)(1/2)(58) 
= 78.3 kips/bolt > 48.93 kips/bolt.. use R, = 48.93 kips/bolt 
Other bolts: Z, = s—-h = 3- 1,188 = 1. 812 in. 
Ry = 1.2L-tF,) = 1.2(1.812)(1/2)(58) = 63. 06 kips/bolt 
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2.4atF,,) = 78.3 kips/bolt > 63.06 kips/bolt .. use Ry = 63.06 kips/bolt 
Total Rn = 2(48.93) + 2(63.06) = 224.0 kips 
Tension on the gross section: 4, = 0.5(6.5) = 3.25 in” 

P, = FyAg = 36(3.25) = 117.0 kips 
Tension on the net section: 

Ag = An = Ag ~ Utd = 3.25-2( 4) (14+ +) = 2.0in? 

Py = FyAe = 58(2.0) = 116.0 kips 


Check block shear (tension member controls). 


PL % x 6% 


Ag = 2x 3(3+2) = 5.0 in? 


Any =2* 1[3+2-15(1d+4)] = 3,125 in2 


Angie 1(3- +) = 0,875 in. 


For this type of block shear, U3; = 1.0. From AISC Equation J4-5, 

Ry = 0.6F yA ny + UssPuAn 

= 0.6(58)(3. 125) + 1.0(58)(0.875) = 159. 5 kips 

with an upper limit of 

0.6F yA gy + UssFuAdne = 0.6(36)(5.0) + 1.0(58)(0.875) = 158. 8 kips 
The nominal block shear strength is therefore 158.8 kips. 
(a) LRFD solution, Compute design strengths: 
For bolt shear, @R,» = 0.75(190.8) = 143. 1 kips 


For bolt slip, @R» = 1.00(88.6) = 88.6 kips (Slip is being treated as a serviceability limit 
state, so @ = 1.0.) 


For bearing, #R, = 0.75(224. 0) = 168.0 kips 
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For tension on the gross section, @R, = 0.90(117.0) = 105. 3 kips 
For tension on the net section, dR,» = 0.75(116.0) = 87.0 kips 
For block shear, OR, = 0.75(158.8) = 119. 1 kips 
Tension on the net section controls. ¢R, = 87.0 = Py 
1.2D+1.6£ = 1.2D+ 1.6(3D) = 87.0, Solution is: {D = 14.5} 
P=D+Ll= 14.5 +3(14.5) = 58.0 kips P = 58.0 kips 
(b) ASD solution. Compute allowable strengths: 


Rn _ 190.8 ; 
For bolt shear, Q = “5-00 = 95. 4 kips 


For bolt slip, 2 = 88.6 — 59. 07 kips (Slip is being treated as a serviceability limit state, 


1.50 
so Q = 1.50.) 


if 


224.0 . 112.0 kips 


For bearing, & 00 


For tension on the gross section, Rn _ 112,90 _ 79, 06 kips 
Q, 1.67 


: : Ree 116.0; = : 
For tension on the net section, Q, = 75.00 58.0 kips 


Ra 2 15838... ; 
For block shear, 0 = 500 79.4 kips 


Tension on the net section controls Pz, = 58.0 kips P = 58.0 kips 


7.6-6 


Before proceeding to the LRFD and ASD solutions, compute the nominal bolt shear, bearing, 
and block shear strengths 


ny Sere Seen) Os ee 
Check slenderness: Fan ~ = 0756 7 143 < 300 (OK) 


For shear, 
Ay = nd?/4 = m(1.125)7/4 = 0.994 in? 
Ry = FAs = 48(0.994) = 47.71 kips/bolt 
For 6 bolts, R, = 6(47.71) = 286. 3 kips 


Slip-critical strength: From AISC Table J3-1, the minimum bolt tension is T » = 56 kips. 
From AISC Equation J3-4, 


For 6 bolts, R, = 6(22.15) = 132.9 kips 
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Bearing: h=d+ 1 =] 
Edge bolt: L. = L.~ # = 2- 1.138 = 1,406 in. 


R, = 1.2L¢tFy) = 1.2(1.406)(3/8)(58) = 36. 70 kips/bolt 

Upper limit = 2.4dtF,,) = 2.4(1.125)(3/8)(58) = 58. 73 
= 58.73 kips/bolt > 36.70 kips/bolt.. use R, = 36.70 kips/bolt 

Other bolts: ZL, = s~h = 3.5-1,188 = 2.312 in. 

Ry = 1.2£-tFy) = 1.2(2.312)(3/8)(58) = 60. 34 kips/bolt 

2.4atF,) = 58.73 kips/bolt < 60.34 kips/bolt .. use R, = 58.73 kips/bolt 
Total R, = 36.70 + 5(58.73) = 330, 4 kips 
Tension on the gross section: P, = FyAg = 36(4.50) = 162.0 kips 


Tension on the net section: Use a hole diameter of 1 t + ¢ = 1,25 


Ay = Ag Stdy = 4.50 - ( 4) (1.25) = 3, 875 in? 


U=1-4 =1- 2822 — 0.9526 


Ae = AnU = 3.875(0.9526) = 3. 691 in.? 

P, = FA, = 58(3.691) = 214. 1 kips 
Check block shear on the angle. 

Ag = £[5(3.5) +2] = 9.75 in? 


Any = £[5(3.5) +2 -0.5(1.25)] = 9. 438 in? 


An = +[2.5 —0.5(1.25)] = 0.9375 in? 


For this type of block shear, Uz; = 1.0. From AISC Equation J4-5, 

Ry = 0.6F YA py + UasFuAnt 

= 0.6(58)(9.438) + 1.0(58)(0.9375) = 382. 8 kips 

with an upper limit of 

0.6FyAgy + UssFuA mn = 0.6(36)(9.75) + 1.0(58)(0.9375) = 265. 0 kips 
The nominal block shear strength is therefore 265.0 kips. 
(a) LRFD solution. Compute design strengths: 
For bolt shear, dR, = 0.75(286.3) = 215 kips 
For bolt slip, #2, = 1.00(132. 9) = 133 kips (Slip is being treated as a serviceability limit 
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state, so @ = 1.0.) 
For bearing, @R, = 0.75(330.4) = 248 kips 
For tension on the gross section, @R, = 0.90(162.0) = 146 kips 
For tension on the net section, @R, = 0.75(214.1) = 161 kips 
For block shear, @R, = 0.75(265.0) = 199 kips 
Slip-critical strength controls. ¢R, = 133 kips 
For load combination 2, P, = 1.2D+ 1.6L = 1.2(20) + 1.6(60) = 120.0 kips 
For load combination 4, Py = 1.2D+1.6W+0.5Z = 1.2(20) + 1.6(20) + 0.5(60) 
= 86.0 kips 
. combination 2 controls; P, = 120 kips< 133 kips (OK) 
member and connection are satisfactory. 
(b) ASD Solution. Compute allowable strengths: 
For bolt shear, R,/Q = 286.3/2.00 = 143 kips 


For bolt slip, &,/Q = 132.9/1.50 = 88. 6kips (Slip is being treated as a serviceability limit 
State, soQ = 1,50.) 


For bearing, R,/Q = 330.4/2.00 = 165 kips 

For tension on the gross section, R,/Q = 162.0/1.67 = 97.0 kips 

For tension on the net section, R,/Q = 214.1/2.00 = 107 kips 

For block shear, R,/Q = 265.0/2.00 = 133 kips 

Slip-critical strength controls. R,/Q = 88.6 kips 

For load combination 2, Pz, = D+ LZ = 20+ 60 = 80 kips 

For load combination 6, P, = D+0.75W+0.75L = 20+ 0.75(20) + 0.75(60) = 80 kips 
“, Py = 80 kips < 88.6 kips (OK) 


member and connection are satisfactory 


WTA 
(a) LRFD Solution 

P, = 1.2D+ 1.6L = 1.2(40) + 1.6(80) = 176.0 kips 
Bolt shear (assume that the threads are in shear): A, = md?/4 = 2(1.375)7/4 = 1. 485 in? 
Shear capacity of one bolt is 


@Rn = $F wAp = 0.75(48)(1.485) = 53. 46 kips/bolt 
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Slip-critical strength. Assuming Class A surfaces, 
ORn = GUDyhscTeNs = 1.00[0.35(1. 13)(1.0)(85)(1.0)] = 33. 62 kips/bolt 
Number of bolts required = wll6_ = 5,24 try 6 bolts. 


33.62 
Minimum spacing = 22-d = 2.667(1 3) = 3, 667 in, try 4 in. 
Minimum edge distance from AISC Table J3.4 = 14 x 14 = 2.41 in., try 24 in. 


Try the following layout: 


PB se 


2 sp | ' 
@ mak 1/2 


pes ae a9 


21/2" 


Check bearing. To determine which component to check, compare the product of the 
thickness and the ultimate stress (the edge distances and spacings are the same for both 
components). For the gusset plate, 


iF, = 0,5(58) = 29.0 kips/in. 
For the tension member, F', = 70 ksi for A242 steel, and 
tyFy = 0.448(70) = 31. 36 kips/in. > 29.0 kip/in 


’. check bearing on the gusset plate. A = 14 + +k = 1.438 in. 


For the holes nearest the edge, ZL, = Le ~ £ =2,5~ 1.338 = |, 781 in. 


ORn = O(1.2L-¢Fy) = 0.75(1.2)(1.781)(1/2)(58) = 46. 48 kips 
The upper limit is 
0(2.4dtF) = 0.75(2.4)(1 2) (1/2)(58) = 71.78 kips > 46.48 kips 
©. use OR, = 46.48 kips 
For the other bolts, Z, = s-A = 4— 1.438 = 2. 562 in. 
Rn = O(1.2LctF'y) = 0.75(1.2)(2.562)(1/2)(58) = 66. 87 kips 
$(2.4dtF,) = 71.78 kips > 66.87 kips ©. use Ry = 66.87 kips 
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For the connection, the total bearing strength is 
2(46.48) + 4(66.87) = 360 kips> P, = 175kips (OK) 
Use 6 bolts as shown. 
(b) ASD Solution 
Pz=D+JL = 40+ 80 = 120 kips 
Bolt shear (assume that the threads are in shear): Ay = 2d*/4 = 2(1.375)7/4 = 1. 485 in.? 


Shear capacity of one bolt is 


Ra _ FAs . 480.485) _ 
Oo 3 60 = 35. 64 kips/bolt 


Slip-critical strength. Assuming Class A surfaces, 


Ry HDubscTsNs _ 0.35(1.13)(1.0)(85)(1.0) _ 
a= OG = 155 = 22.41 kips/bolt 


Number of bolts required = 120_ . 5.36 try 6 bolts. 


22.41 
Minimum spacing = 22d = 2.667(1 3) = 3, 667 in., try 4 in. 
Minimum edge distance from AISC Table J3.4 = 14 x 13 = 2,41 in., try 2% in. 


Try the layout shown in the figure above (in part a). 


Check bearing. To determine which component to check, compare the product of the 
thickness and the ultimate stress (the edge distances and spacings are the same for both 
components). For the gusset plate, 


tf’, = 0.5(58) = 29.0 kips/in. 
For the tension member, F, = 70 ksi for A242 steel, and 


twF'y = 0.448(70) = 31. 36 kips/in. > 29.0 kip/in 
3.1 


. check bearing on the gusset plate. 4 = le hae 1. 438 in. 

For the holes nearest the edge, Z, = L, - 4 =2.5- 1338 = 1.781 in. 
Ra _ 1.206tFy, — 1.201.781)0/2)(58) _ : 
a 00° = 2.00 eae 


The upper limit is 


2.4(12 )(1/2)(58) 
2.4atF, _ ( 8 ) a2 : : 
aes tan ee So a Op = =: 47, 85 kips > 30.99 kips 


“ use R, = 30,99 kips 
For the other bolts, LZ, = s~h = 4—1.438 = 2. 562 in. 
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R, L2L-tF, . 1.2(2.562)(1/2)(58) _ : 
Oo S00 = 44, 58 kips 


250M a = 47.85 kips > 44.58 kips .. use Rn = 44.58 kips 


For the connection, the total bearing strength is 
2(30.99) + 4(44.58) = 240 kips > Pg = 120kips (OK) 


Use 6 bolts as shown. 


7.762 
Load Combination 2: 1.2D + 1.6£ = 1.2(50) + 1.6(100) = 220.0 kips 
Load Combination 4: 1.2D+1.6W+0.5£ = 1.2(50) + 1.6(45) + 0.5(100) = 182.0 kips 


Combination 2 controls; use P,, = 220 kips. Slip-critical strength will control over shear. 
Use the following spreadsheet table to help select the number of bolts. 


Diameter 7,  @R,/bolt No. bolts 


(in.)  (kips) kips) required 
1/2 12 4,746 46.4 
5/8 19 7.515 29.3 
3/4 28 11.07 19.9 
7/8 39 15.42 14.3 

1 51 2017 10.9 
1 1/8 56 22.15 9.9 
1 1/4 71 28.08 7.8 
1 3/8 85 33.62 6.5 
11/2 = 103 40.74 5.4 


Try ten 1+-inch diameter bolts in two lines. 6R, = 10(28.08) = 281 kips > 220 kips (OK) 


Select a tension member. 


Required Ag = oe = 7506) = 6,79 in.? 

: FN se Dera eee 4 | ee 2 
Required A, = O75F, ~ 0.75(58) = 5, 06 in. 
Required rmin = ahs = tia = 0.80 in. 

Try L8 x 6 x4 


Ag = 8.36 in? > 6.79 in.2 = (OK) Pmin = Fr = 1.29 in. > 0.80in. — (OK) 


Ae 8.36-2(1b+4)(2) = 6, 641 in? 
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Use the alternative value of U from AISC Table D3.1, Case 8: 
A. = A,U = 6.641(0.80) = 5.31 in.? > 5.06 in.? (OK) 


Determine the bolt layout. In the transverse direction, use the usual gage distances. For the 
transverse direction, 


Minimum spacing = 22-d = 2. 667(1 +) = 3, 334 in. Use 4 in. 
Minimum edge distance from AISC Table J3.4 = 2-4 in. Use 24 in. 


Try the following layout. 


2 1/2" doe 


Check bearing (gusset plate controls). h = 1 


For the hole nearest the edge, Le = Le ~ # = 2.5 - ABB. = 1. 844 in, 
Rn = 1,2L¢tF, = 1.2(1.844)(3/8)(58) = 48. 13 kips 
2.4dtF, = 2.4(1 + ) (3/8)(58) = 65.25 kips > 48.13 kips 


“. use R, = 48.13 kips 

For the other bolts, Z, = s-—h = 4—1.313 = 2. 687 in. 

Ry = 1.220 ,tF, = 1.2(2.687)(3/8)(58) = 70. 13 kips 

2.4dtF, = 65.25 kips < 70.13 kips “. use R, = 65.25 kips 
Total nominal bearing strength = 2(48. 13) + 8(65.25) = 618. 3 kips 
Total design bearing strength = 0.75(618.3) = 464 kips > P, = 220kips (OK) 
Check block shear on the gusset plate. For hole diameters, use 14 + 4 = 1. 375 in. The 
shear areas are 


Ap = 3 [4(4) +2.5]x2 = 13, 88 in? 
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Any = [18.5 ~ 4.5(1.375)] x2 = 9.234 in? 


The tension area is Ane = 313 ~ 1(1.375)] = 0.6094 in.? 


From AISC Equation J4-5, 
Ry = 0.6F Am + UosFuAn 
= 0,6(58)(9.234) + 1.0(58)(0.6094) = 356. 7 kips 
with an upper limit of 
0.6F Ag + UnsFuAn = 0.6(36)(13.88) + 1.0(58)(0. 6094) = 335. 2 kips 
The nominal block shear strength of the gusset plate is therefore 335.2 kips 
The design block shear strength is @R, = 0.75(335.2) = 251 kips > Py, = 220 kips (OK) 


Use an L8 x 6 x 4. and ten 1+--inch diameter A325 bolts in two lines as shown. 


(b) ASD Solution 
Load Combination 2: D+Z = 50+ 100 = 150 kips 
Load Combination 6: D+0.75W+0.75L = 50 + 0.75(45) + 0.75(100) = 158. 8 kips 


Combination 6 controls; use Pz = 158.8 kips. Slip-critical strength will control over shear. 
Use the following spreadsheet table to help select the number of bolts. 


Diameter J, R,,/Q No. bolts 
(in.) __(kips) per bolt (kips) required 
1/2 12 3.164 50.2 
5/8 19 5.010 31,7 
3/4 28 7,383 21.5 
7/8 39 10.28 15.4 

1 51 13.45 11.8 
1 1/8 56 14.77 10.8 
1 1/4 71 18.72 8.5 
1 3/8 85 22.41 7.1 
11/2 = 103 27.16 5.8 


Try ten 14-inch diameter bolts in two lines. a = 10(18.72) = 187 kips > 158.8 kips 
(OK) 


Select a tension member. 


H sie Pa os 158.8 sat Sm 2 
Required A, 0.6F, * 0.6(36) 7. 35 in. 
i a oe ABS ot in2 
Required A, = 0.5F; 0.5(58) 5. 48 in. 
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: eee Srereen tle a) aie 
Required rimin = 300 360 
Try L8 x 6 x+ 
Ag = 9.94in2 > 7.35in? (OK) rmin = re = 1.29in.>0.80in. (OK) 
= = oles 37) xe 2 
n= 9.94-2(114 1 \(3) 7. 878 in. 
Use the alternative value of U from AISC Table D3.1, Case 8: 
Ae = A,U = 7,878(0.80) = 6.30 in? > 5.48 in.? (OR) 


Determine the bolt layout. In the transverse direction, use the usual gage distances. For the 
transverse direction, 


Minimum spacing = 22d = 2.667(11 ) = 3. 334 in. Use 4 in. 
Minimum edge distance from AISC Table J3.4 = 24 in. Use 2+ in. 
Try the layout shown in the figure above, in part a. 
Check bearing (gusset plate controls). From part a, 
The total nominal bearing strength = 618. 3 kips 
The total allowable bearing strength is 


$18.2. = 309 kips > Pa = 158.8kips (OK) 


Check block shear on the gusset plate. From part a, 
The nominal block shear strength of the gusset plate is 335.2 kips 
The allowable block shear strength is 


333.2. = 168kips>P, = 158.8kips (OK) 


Use an L8 x 6 x = and ten 11-inch diameter A325 bolts in two lines as shown. 


7.7-3 
(a) LRFD Solution: P, = 1.2D+ 1.6L = 1.2(45) + 1.6(105) = 222.0 kips 
Try 1-in. diameter bolts. Slip-critical strength will contro! over shear: 

Ry = UDuhscTNs = 0.35(1.13)(1.0)(51)(2) = 40. 34 kips/bolt 

OR, = 0.75(40.34) = 30. 26 kips/bolt 


Number of bolts required = ath = 7, 34, try 8 bolts in two rows. 
Select a tension member. Required A, = fu = 222 6 85 in? 


0.9F,  0.9(36) — 
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‘ pee! ic Pee 222 i + 2 
Required A, = OTSF. * 0.75(58) 5. 10 in. 

: eee temces le oa : 
Required rmin = 300 ~~ 300 0.6 in. 


Try 2L7 x 4 x ++ LLBB 


Ag = 9.27 in? > 6.85 in.? (OK) 
Tmn = Fy = 1.55in.>0.6in. (OK) 
- - oT ore ee fad 
An = 9.27 4(1+4)(45) 7, 301 in, 
Use the alternative value of U from AISC Table D3.1, Case 8: 
Ae = AnU = 7.301(0.80) = 5. 84 in? > 5.10 in? (OK) 


Determine the bolt layout. In the transverse direction, use the usual gage distances. For the 
longitudinal direction, 


Minimum spacing = 24d = 2,667(1) = 2. 67 in, Use 3 in. 
Minimum edge distance from AISC Table J3.4 = 12 in. Use 2 in. 


Try the following layout. 


bat DY pelacg-—-—-_— 3 sp. @ 3" | Ds 


Check bearing (gusset plate controls). A = 1 + +E = 1.063 in. 


For the hole nearest the edge, LZ, = Le - f =2- 4.963. = 1. 469 in. 


Ry = 1.2L ty, = 1.2(1.469)(3/8)(58) = 38. 34 kips 
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2.4dtF, = 2.4(1)(3/8)(58) = 52.2 kips > 38.34 kips 
“. use R, = 38.34 kips 
For the other bolts, Z, = s—h = 3— 1.063 = 1. 937 in. 
Ry = 1.2L ,tFy = 1.2(1.937)(3/8)(58) = 50. 56 kips 
2.4dtF, = 52.2 kips > 50.56 kips .. use R, = 50.56 kips 
Total nominal bearing strength = 2(38.34) + 6(50.56) = 380.0 kips 
Total design bearing strength = 0.75(380.0) = 285 kips> P, = 220kips (OK) 


Check block shear on the gusset plate. For hole diameters, use 1 + 4. = 1.125 in. The 


shear areas are 


Ag = 4[3(3) +2] x2 = 8.25 in? 


Amy = rabe — 3.5(1.125)] x2 = 5.297 in? 


The tension area is A», = rae — 1(1.125)] = 0.7031 in.? 


From AISC Equation J4-5, 
n= 0.6F Any + UpsFuAnt 
= 0.6(58)(5.297) + 1.0(58)(0. 7031) = 225. 1 kips 

with an upper limit of 

0.6F yA gy + UpsFuAm = 0.6(36)(8.25) + 1.0(58)(0.7031) = 219. 0 kips 
The nominal block shear strength of the gusset plate is therefore 219.0 kips 
The design block shear strength is 

@Ry = 0.75(219.0) = 164.3 kips < Py = 220 kips (N.G.) 
Increase the bolt spacing s : 


Ag, = 3[35+2]x2=2.255+1.5 in? 


Any = [35 +2 ~3.5(1.125)] x 2 = 2.255 — 1. 453 in.? 


colt» oolis 


0.6F An = 0.6(58)[2. 255 - 1.453] = [78. 3s — 50. 56] 
Let 

$(0.6F VA ny + UssFuAn] = 0.75[(78. 3s — 50.56) + 1.0(58)(0.7031)] = 222 
Solution is: {s = 3.905} Try s = 4 in. 
Check upper limit: 

Ag = 2. 2554+ 1.5 in? = 2.25(4)+ 1.5 = 10.5 in? 
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Any = 2.258 ~ 1.453 = 2.25(4) = 1.453 = 7. 547 in.’ 

Rn = 0.6F A gy + UssFuAm = 0.6(36)(10, 5) + 1.0(58)(0. 7031) = 267. 6 kips 

oR, = 0.75(267.6) = 200. 7 kips < 220 kips 
This means that the upper limit controls, Let 

$(0.6FyAgy + UssFuAm) = 0.75[0. 6(36)(2. 25s + 1.5) + 1.0(58)(0.7031)] = 222 
Solution is: {s = 4.585} Use s = 44 in. 


Use 2L7 x 4 x oa LLBB and eight 1-inch diameter A325 bolts in two lines as shown. 


(b) ASD Solution: Pq = D+L = 45+ 105 = 150 kips 

Try 1-in. diameter bolts. Slip-critical strength will control over shear: 
Ry = UDyhseTsNs = 0.35(1.13)(1.0)(51)(2) = 40. 34 kips/bolt 
Rn _ 40.34. — 20, 17 kips/bolt 


Q 2.00 
Number of bolts required = 5e = 7.44, try 8 bolts in two rows. 
Select a tension member. Required Ag = Pa = —150_ = 694 in? 
&" 0.6Fy — 0.6(36) 
Po = —150 = 5.17 in? 


Required A, = 0.5F, 0.5(58) 


Required rin = 5 = 22 = 0.6 in. 


Try 2L7 x 4x + LLBB 
Ag = 9.27 in? > 6.94 in.” (OK) 
Ymin = ly = 1.55 in. > 0.6 in. (OK) 
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An = 9.27-4(1 +4)(5) = 7.301 in.2 


Use the alternative value of U from AISC Table D3.1, Case 8: 
A, = A,U = 7.301(0.80) = 5. 84 in.? > 5.17 in? (OK) 


Determine the bolt layout. In the transverse direction, use the usual gage distances. For the 
longitudinal direction, 


Minimum spacing = 24-d = 2.667(1) = 2. 67 in. Use 3 in. 
Minimum edge distance from AISC Table J3.4 = 1+ in. Use 2 in. 


Lave sn @3 


Try the following layout. 


From part a, for the same layout, the total nominal bearing strength is 
Ry = 380.0 kips | 


Total allowable bearing strength = 4x = 380.9 — 190 kips > Pa = 150kips (OK) 


Check block shear on the gusset plate. From part a, for the same layout, the nominal block 
shear strength of the gusset plate is 


Ry, = 219.0 kips 
The allowable block shear strength is 
Wg 219 .0Y : a : 
QO = 500 110 kips <P, = 150kips (N.G.) 
Increase the bolt spacing s : 


Ag = 4[35 +2] x2= 2.25941. 5 in? 
Any = 4 [35 +2~3.5(1.125)] x2 = 2,255 — 1.453 in? 


0.6F Any = 0.6(58)[2. 255 — 1.453] = [78. 3s - 50. 56] 
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Let 


Fn + UssFuAne] 


=> I 1 1(78. 3s — 50.56) + 1.0(58)(0. 7031)] = 150, Solution is: {s = 3. 956} 


Try s = 4in. Check the upper limit: 
Ag = 2.258 +1.5 in? = 2,25(4) + 1.5 = 10.5 in.? 
An = 2.258 ~ 1.453 = 2,25(4) - 1.453 = 7. 547 in? 
Ry = 0.6F yAgy + UssFuAm = 0.6(36)(10.5) + 1.0(58)(0. 7031) = 267. 6 kips 


Ra . 267.6 . : 
a 7-00 = 134 kips < 150 kips 


This means that the upper limit controls. Let 


4 0.6FyAy Big An) 
=> i" =1_[0.6(36)(2. 255 + 1. 5) + 1.0(58)(0.7031)] = 150, Solution is: {s = 4. 667} 


Use s = 42 in, 


i 


b= 25 ote - 550.585 — 2, 458 in 


= e853 = 14=5.5 = 2.45 in, 


1.256 = 1.25(2.458) = 3, 073 in. > 2.45 in. .. use a = 2.45 in. 
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b =b-2 = 2.459- 94 22 083 in 
4 =a+ 422.454 94 <2. 825in 
d =d+tu34]-Tin, p = 10/3 = 3,333 in. 


§ oi 1 a'fp = 1 = (7/8)/3.333 = 0.7375 in. 
2 
ge aun = 0-441 @inZ 


(a) LRFD solution. 
B = OR, = bF Ag = 0.75(90)(0. 4418) = 29. 82 kips 
Total factored load = 1.2D + 1.6L = 1.2(25) + 1.6(75) = 150.0 kips 
T= 40 = 25.0 kips/bolt 


Bil tg Pee oe G2. 2.825 _ 
jee Sees Ts 01928; ey 1. 356 


i 2.083 
B a’ 
a (F#-Ne 0.1928(1.356) ananen ei 
5 1 - (4-1) ] 0.7375[1 ~0.1928(1.356)} : 
it b’ 


. = 4.447)" - 4.44(25)(2.083) 7 ‘ 
Required = IRA + da) ~ y 3.33565)[1 + 0.7375(0.4799))~ 2 888 in. 
Actual thickness = 0,985 in. > 0.888 in. (OK) 


Compute the total bolt force, including prying force (this step not required): 


4 (4440-1) - | | 4.44025 )(2.083) -1] = 0.1356 


OO par, 0.7375 |, 3.333(0.985)*(65) 
5a = 0.7375(0.1356) = 0.1000 


7 re 1 Gee + (ae 0.1. 2.083 ~ 
Be= 1 1+ (1+ 5a) | 25 1+ (1 +0.1) 2.083 | 


= 26. 68 kips < @R, = 29.82 kips (OK) 
Connection is adequate. Required ty = 0.888 in. < 0.985 in. 


(b) ASD solution 


The allowable tensile strength of one bolt is 


. Ra _ Fido _ 90.0(0.4418) _ ; 
B= O° oO > 00 = 19, 88 kips 


The total applied load is 
D+L=25+75 = 100 kips 
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The external load per bolt, excluding prying force, is T = 100/6 = 16. 67 kips. 


Boe SBS tS WP oc B25. a. 
ml = eke ~1 = 0.1926, G, = $0 = 1.356 
i t 
[(B/T-1)}(a/b ) 0. 1926(1.356) Sry 


* = 31 -((BIT) - T\(a'/b')} (0.73751 — 0.1926(1.356)}] 


From Equation 7.19, 


ar. ( 668le” 6.68(16.67)(2.083) 
Reaves Hl PFu(1 + 5a) — 4 3.333(65)[1 + 0.7375(0.4794)} 
= 0.889 in. <0.985in. (OK) 


Determine the total bolt force, including prying force (this step not required): 


_ 1f 6.6876! Sal (Seen) ) 
=1/ 6.68f0° _; | - 6.68(16.67)(2. 083) _ 1) = 0.1404 
. 4( pF, } 0.7375 \3.333(0.985)2(65) 2 


= da Bt | 0.7375(0. 1404) 7083 | 
Ber ri : a’ | 16.67] 1 * (740.7375 x 0.1404) 2.825 


= 17. 82 kips < 19.88 kips (OB) 


Connection is adequate. Required t; = 0.889 in. < 0.985 in. 


rp LN A lt 


7,8-2 


For , use the distance from the bolt centerline to the mid-thickness of the angle leg, 


b = S375 HB = 58 <9. 188 in 

q = 4444383 UE L 1.5 in. 

1.256 = 1.25(2.188) = 2. 735 in. > 1.5 in. “. use a= 1.5 in, 
b' =b-4 = 2.188- 12 = 1.938 in 

a'=at+d = 1.5422 =1.75iin 
dad+tatit= Fin, p= 4 =3.5in 


5 =1-d'lp = 1—(5/8)/3.5 = 0.8214 in, 
2 
Gis ae = 0.1963 in? 


(a) LRFD solution. 
B= ORny = OF mAs = 0.75(90)(0. 1963) = 13. 25 kips 
Total factored load = 1.2D + 1.6L = 1.2(6) + 1.6(15) = 31.2 kips 
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L. 
bs aaa ea ae A fat Tee 
7p 1 = A542 — 1 = 0.6987, aT ™ gag = 0.9030 
bees oR 
ee (4 -1) —_— -0,6987(0.9030) ra 
s[1-(4-1) 2] 0.8214[1 — 0.6987(0.9030)} 
T b’ 


HRA CR CAPA Hh ASA EMEA LAAs 


4.4475" 4.44(7.8) (1.938) - 
ee a BRL PFu(l + 6a) ~ 4 3.5(58)[1 + 0.8214(1.0)) ~ 0426 im 
Actual thickness = 5/8 in. > 0.426 in. (OK) 


Compute the total bolt force, including prying force (this step not required): 


_1f 4.4476 _,\_ 1 _[ 4.44(7.8)(1.938) _ |, ] 
a= t/ 1)= sail 1 | = 0,187 


3.5(5/8)*(58) 


_ dob | 0.8214 1,938 
Be= 11+ | 7.8 1+ 0821S ( 1.98 | 


= 11.7 kips<@R, = 13.25kips (OK) 
Connection is adequate. Required ty = 0.426 in. < 5/8 in. 
(b) ASD solution 


The allowable tensile strength of one bolt is 


— Re — Fudsy _ 90.0(0.1963) _ . 
B= Oa = > 00 = 8, 834 kips 


The total applied load is 
D+L=6+15 = 21 kips 
The external load per bolt, excluding prying force, is T = 21/4 = 5, 25 kips. 


By a BRIA ee Ose 
pol = ABS 1 = 0.6827, 2 = 0.9030 


[(BIT—1)]}(a'/b') | 0.682 7(0, 9030) 


~ 61 -[(B/T) -y@’lbyy 0.8214{1 — 0.682 7(0.9030)) 1.96:> 1.0 


“, use a = 1.0 


From Equation 7,19, 
ved t.. [SSRI _ 6.68(5.25)(1.938) 
ces LL ame (ot oir Be da) 3.5(58)[1 + 0.8214(1.0)] 
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= 0.429 in. <5/8in. (OK) 


Determine the total bolt force, including prying force (this step not required): 


O\ ptFy 0.8214 \~ 3.5(5/8)2(58) 


‘"-usea = 1.0 


B.= 1] 1+ 77 Sh b] =5.25[ 1+ 0,8214 1-0). 1.938] 
T+ 6a) a’ ‘(1 +0.8214) 1.75 


= 7.87 kips < 8.834 kips (OK) 


Connection is adequate. Required ty = 0.429 in. < 5/8 in. 


7.9-1 


Nominal shear strength (assume that the threads are in shear): 


2 
Ay = 22 = BOSD ~ 0.6013 in? 


R, = FryAy = 48(0.6013) = 28. 86 kips/bolt 


Bearing strength (the WT flange controls): 4 = + + + = 0.9375 in. 


For the hole nearest the edge, L, = Le — 4 = 2— 9.2315 = 1,531 in. 


R, = 1.2L ¢tF, = 1.2(1.531)(0.640)(65) = 76. 43 kips 
2.4dtF,, = 2.4(7/8)(0.640)(65) = 87. 36 kips 
“. use R, = 76.43 kips 
For the other bolts, ZL. = s—h = 3-— 0.9375 = 2. 063 in. 
Ry = 1.2L,tF, = 1.2(2.063)(0.640)(65) = 103. 0 kips 
2.4dtF,, = 87.36 kips < 103.0 kips .. use Rn = 87.36 kips 
(a) LRFD solution 
P, = 1.2D + 1.6L = 1.2(84) + 1.6(66) = 206. 4 kips 


T,, = Tensile force = 206.4c0s30° = 178.7 kips, or ay a = 22, 34 kips/bolt 


V,, = Shear/bearing force = 206.4sin30° = 103.2 kips, or 13.2 = 12.9 kips/bolt 


The design shear strength is @R, = 0.75(28.86) = 21.6 kips > 12.9 kips (OK) 


For the design bearing strength, conservatively use the smaller of the two strengths 
computed: Ry = 0.75(76.43) = 57.3 kips >12.9kips (OK) 


Tensile strength: 
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Fi, = 1 3Fn~ Gf < Fn fo = Zibb = 21.45 ksi 


eet Ree * 
1,3(90) 075(48) (21.45) = 63, 38 ksi < 90 ksi 


Ry = $F Ay = 0.75(63.38)(0.6013) = 28.6 kips/bolt > 22. 3 kips/bolt (OK) 


f 
Fu 


The connection is adequate. 
(b) ASD solution 
Pa = D+Z = 84+ 66 = 150 kips 


Tq = Tensile force = 150cos30° = 129. 9 kips, or 122.2 = 16. 24 kips/bolt 


V, = Shear/bearing force = 150sin30° = 75. 00 kips, or 23,00 = 9, 375 kips/bolt 


The allowable shear strength is fe = 28.36 = 14.4kips>9.38 kips (OK) 


For the allowable bearing strength, conservatively use the smaller of the two strengths 


Ry 
computed: os Swie = 38.2 kips>9.375 kips (OK) 


Tensile strength: 


QF 


Fu = 1.3F we ~ “eh S Fay f= eae = 15,59 ksi 
av . 


6013 
Fy = 1.3(90) ~ 27429) (15, 59) = 58, 54 ksi < 90 ksi 


Ry _ FAs _ 58.54(0.6013) 
2° a 


mT = 17. 6 kips/bolt > 16,2 kips/bolt (OK) 


The connection is adequate. 


Sette AOA DEOAMECACE Otter an rere Perr recente Ai ermtie Ret buiininntirnrimrr ne eRHRAFOPEHts utili tener PH APRESS e—rryeneneutfiereAALhLitttrit 


Nominal shear strength: 


2 
Ap = aca = zoey = 0.4418 in2 


Rn = FryAg = 48(0.4418) = 21.21 kips/bolt 
Bearing strength (ty = 0.605 in. for both W and WT): 

R, = 2.4dtF, = 2.4(3/4)(0.605)(65) = 70. 79 kips 
(a) LRFD solution 

Py = 1.2D+ 1.6L = 1.2(30) + 1.6(70) = 148.0 kips 


T, = Tensile force = 14s( 2) = 132. 4kips, or 132.4 = 22.1 kips/bolt 
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V,, = Shear/bearing force = 148 f +. | = 66. 19 kips, or 891% = 11.03 kips/bolt 


The design shear strength is @R, = 0.75(21.21) = 15.9 kips > 11.0 kips (OK) 
The design bearing strength is @R, = 0.75(70.79) = 53.1 kips > 11.0 kips (OK) 


Tensile strength: 


Fry = 1.38 m~ Gpttcy SFr iv = ut = 24, 97 ksi 


F,, = 1.3(90)- 24.97) = 54. 58 ksi < 90 ksi 


90 ( 
0.75(48) 
OR, = OF i,Ap = 0.75(54.58)(0.4418) = 18.1 kips/bolt <22.1 kips/bolt (N.G.) 
The connection is not adequate. 


(b) ASD solution 
P, = D+L = 30+70 = 100 kips 


T, = Tensile force = 100 ( 4e ) = 89, 44 kips, or 2.48 = 14. 9 kips/bolt 


V, = Shear/bearing force = 100 ) = 44,72 kips, or le = 7. 453 kips/bolt 


ae 
Is 
21 


= aa : ‘ 
0 = 5-00 10.6 kips > 7.453 kips (OK) 


The allowable bearing strength is fe = BR. = 35.4kips>7.453 kips (OIX) 


The allowable shear strength is Rr 


Tensile strength: 


ye _— QF ar ec Ny 
Fe 1.3F ns Fay fy < Fu, I 0.4418 


Fy = 1.3(90) ~ 20FP9) (16.87) = 53.74 ksi < 90 ksi 


Ry . FiyAn _ 53.74(0.4418) _ 
oF 0 = > 00 = 11.9 kips/bolt < 14.9 kips/bolt (N.G.) 


The connection is not adequate. 


it tA HR REPT LALA er er HA 


P, = 1.2D+1.6L = 1.2(20) + 1.6(60) = 120.0 kips 
Ty, = 3-(120) = 72.0kips, Vu= + (120) = 96.0 kips 


Assume that the tension strength will control: 
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Fee Rey ee a fy < Fu 


= epee. ais < 
1.3(90) 0.75(48)2” = 7° 117 -2.5f, < 90 


OF» = 0.75(117 — 2.5f,) < 0.75(90) = 87.75 — 1.875f, < 67.7 


A acide _ 96 
Let OF iy = 4, and f, A, 


92 3 - 96. 
3. = 87.75 1.875( =26- } 


72 = 87. 75ZA, ~ 180.0 => DAp 2.892 in? 


2 
Tie area Shone belvisuis & aay = 0,6013 in2 


: ab SAG oe BID 
Required Np = Ai 0 6013 4.78 Try 6 bolts for symmetry. 
First, check the upper limit on Fy: 
fy = eo = — 96 = 26. 61 ksi 


Z4, ~— 6(0.6013) 
Fry = 117 -2.5f) = 117 — 2,5(26.61) = 50. 48 ksi < 90 ksi (OK) 
Check shear: V,,/bolt = 96/6 = 16.0 kips/bolt 
PRy = OF wAs = 0.75(48)(0.6013) = 21.6 kips/bolt > 16.0 kips/bolt | (OK) 
Bearing strength (the WT flange thickness controls): 
$(2.4datF,) = 0.75(2.4)(7/8)(0.345)(65) = 35. 3 kips/bolt > 16.0 kips/bolt (OK) 
Use 6 bolts. 
(b) ASD solution 
eee (80) =48kips, Va = (80) = 64 kips 
Assume that tension controls: 


OF n 7, < Pe 


Fy = 13F a Fry 


= 1.3(90) - 2°0C9) 5 < 90 = 117-3.75f, < 90 


Fu — (117 -3.75f,) 90. |. 2 
a= 70 S Fog = 58.5 ~ 1.875f < 45 


Fu _ 48 _ 64 
Let os: and f[Vf= ot 


where 24, is the total bolt area, Substituting and solving for £43, we get 


48 64 
AB 53 - 1.875( 64) 
— = 58.5 ft. 
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48 = 58.52A, - 120 => DA, = 2.872 in? 


2 
The area of one bolt is A, = as = 0.6013 in? 


OR Be OR i 
fsa, eGo) 


"2 = 117-3.75f, = 117 —3.75(17. 74) = 50. 48 ksi < 90 ksi (OK) 
Check shear. 
V,/bolt = 64/6 = 10.7 kips 


Ry. Fed — 48(0.6013) _ ; 
Su = A Sg 14.4 kips/bolt > 10.7 kips/bolt (OK) 


Bearing strength (the WT flange thickness controls): 


2 Ady 2 ACIBNG MONS?) = 23.6 kips/bolt > 10.7 kips/bolt (OK) 


Use 6 bolts. 


7.9-4 
(a) LRFD solution 
Tension member-to-gusset plate connection: 

P, = 1.2D+ 1.6L = 1.2(0.25 x 120) + 1.6(0.75 x 120) = 180 kips 
Bolt shear strength: 

A, = nd2/4 = (7/8)7/4 = 0.6013 in.? 

OR, = OF mds = 0.75(60)(0. 6013) x 2 shear planes = 54. 1 kips/bolt 
Check bearing on the gusset plate assuming upper limit controls. 

@Ry = 0(2.4dtF,) = 0.75(2.4)(7/8)(7/8)(58) = 79. 9 kips/bolt 
Slip-critical strength: From AISC Table J3.1, T, = 49 kips 

Ry = BD uhscT3Nz = 0.35(1.13)(1.0)(49)(2) = 38. 76 kips/bolt 

@Rn = 1.0(38.76) = 38. 76 kips/bolt (controls) 
Number required = 180/38. 76 = 4. 64 bolts. Use 5. 
Gusset plate-to-column angles connection: 

3 7 


Bearing on the angles will control, because 2 x 3 in. < z in. 
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OR, = $(2.4dtF,) = 0.75(2.4)(7/8)(2 x 4)(58) = 68. 5 kips/bolt 


Shear strength and slip-critical strength are same as for tension member-to-gusset plate 
connection, ., use 5 bolts. 


Connection angles-to-column flange connection: assume that the slip-critical strength will 
control. Select the number of bolts based on slip-critical strength, then check tension. 


Reduction factor =k, = 1 — D.TNp 1 ‘1. 13(49)N5, 


2 _ 127.3 hac 
Let 127.3 = Nal 38.76( 1 ht ) |} Sotution is: {Ny = 5. 58} 


Use 5 rows of 2 bolts for symmetry and to match the arrangement of gusset 
plate-to-connection angle bolts. Check tension. 


Shear/tension load per bolt = 127.3/10 = 12.7 kips 
ORn = OF mAs = 0.75(90)(0.6013) = 40.6 kips/bolt > 12.7 kips/bolt (OK) 
Minimum spacing = 24d = 2.667(7/8) = 2. 33 in. 
Minimum edge distance from AISC Table J3.4 = 1.5 in. 
Try Z, = i+ in. and s = at in. for all connection elements and check bearing. 
For the angles-to-column connection, the angle thickness will control (3/8 in. < 0.695 in.): 


h= 241. = 0.9375 in, 


For the hole nearest the edge, L. = Le - £ = ].5- 0.5315. = 1.031 in. 
ORn = PCL. 2LtF,) = 0,75(1.2)(1.031)(3/8)(58) = 20.2 kips > 12.7 kips (OK) 
0(2.4atF,) = 0.75(2.4)(7/8)(3/8) (58) = 34.3 kips/bolt 
For the other bolts, LZ, = s—h = 2.5 — 0.9375 = 1. 563 in. 
ORy = O(L.2L-tF',) = 0.75(1.2)(1.563)(3/8)(58) = 30. 6 kips > 12.7 kips (OK) 
For the tension member connection, the gusset plate thickness will control: 
For the hole nearest the edge, 
@Ry = O(1.2L-tF,) = 0.75(1.2)(1.031)(7/8)(58) 
= 47,1 kips > 180/5 = 36 kips (OK) 
0(2.4dtF,,) = 0,75(2.4)(7/8)(7/8)(58) = 79. 9 kips/bolt 
For the other bolts, 
@Rn = OC1L.2L Fy) = 0.75(1.2)(1.563)(7/8)(58) = 71.4 kips > 36.0 kips (OK) 
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For the gusset plate-to-column connection angles, 


OR, = 20). x 47.1 = 40.4 kips/bolt > 36.0 kips/bolt (OK) 


Summary: 

Use 5 bolts for tension member-to-gusset plate connection; 

use 5 bolts for gusset-plate-to connection angles connection, 
use 10 bolts for connection angles to column flange connection; 


use edge distances of 1+ in. and bolt spacings of 23- in. throughout. 


(b) ASD solution 

Tension member-to-gusset plate connection: 
Pa = D+L = 120 kips 

Bolt shear strength: 
Ay = nd@/4 = 2(7/8)7/4 = 0.6013 in.? 


Ree nap: A ae ee 7 
ae FiyAg = 500 (60)(0.6013) x 2 shear planes = 36.1 kips/bolt 


Check bearing on the gusset plate assuming upper limit controls. 


Ri ec as ee : 
Be = (2. 4dtFu) = spy 2-4)(7/8)(7/8)(58) = 53.3 kips/bolt 


Slip-critical strength: From AISC Table J3.1, 7; = 49 kips 
Ry = UDuhseT Ny = 0.35(1.13)(1.0)(49)(2) = 38. 76 kips/bolt 


Rn _ 38.76 _ ‘ 
Q = 7439 = 25. 84 kips/bolt (controls) 


Number required = 120/25. 84 = 4. 64 bolts. Use 5. 


Gusset plate-to-column angles connection: 


Bearing on the angles will control, because 2 x 2 in. < a in. 
Bis ape eels 2 ” 
a 7D (2.4atF,) +00 (2.4)(7/8) (2 x 3 )(58) = 45.7 kips/bolt 


Shear strength and slip-critical strength are same as for tension member-to-gusset plate 
connection, .. use 5 bolts. 


Connection angles-to-column flange connection: assume that the slip-critical strength will 
control. Select the number of bolts based on slip-critical strength, then check tension. 


T,=V,= FF (120) = 84, 85 kips 


1.57, _ , _ 1.5(84.85) 


Reduction factor =k, = 1 — DulsNs ———«*d2-13 (49) Ng 
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i _ 1.5(84.85 )] Bak =5 
Let 84.85 No| 25.84(1 1. 1349) , Solution is: {Np . 58} 


Use 5 rows of 2 bolts for symmetry and to match the arrangement of gusset 
plate-to-connection angle bolts. Check tension. 


Shear/tension load per bolt = 84.85/10 = 8. 49 kips 


Be. = $F ude = 5 55 (90)(0.6013) = 27.1 kips/bolt > 8.49 kips/bolt (OK) 


Minimum spacing = 22d = 2,667(7/8) = 2. 33 in. 
Minimum edge distance from AISC Table J3.4 = 1.5 in. 
Try Ze = 14 in. and s = 2+ in, forall connection elements and check bearing. 


For the angles-to-column connection, the angle thickness will control (3/8 in. < 0.695 in.): 


h= $4 = 0.9375 in, 
h 


For the hole nearest the edge, ZL, = Le — a 15- O2378 = 1.031 in. 


ry 


ae = AU. 2LetFy) = 55 (1-2)(1.031)(3/8)(58) = 13.5 kips > 8.49 kips (OK) 


ike mares tee ae 
re) (2.4dtF,) 500 (2. 4)(7/8)(3/8)(58) = 22. 8 kips/bolt 
For the other bolts, ZL. = s—h = 2.5 ~ 0.9375 = 1. 563 in. 


Re = J (1.2L etFu) = app (1-2)(1.563)(3/8)(58) = 20. 4 kips > 8.49 kips (OK) 


For the tension member connection, the gusset plate thickness will control: 


For the hole nearest the edge, 


fe. ws HU 2Leth, = 55y 1-2)(1-031)(7/8)(58) = 31.39 


= 31.4 kips > 120/5 = 24 kips (OK) 
ake fey ee = i 
5 (2.4atF,) +00 (2.4)(7/8)(7/8)(58) = 53.3 kips/bolt 
For the other bolts, 


Ry * . 
Ce = GC 2a) = shy (1.2)(1.563)(7/8)(58) = 47.6 kips > 24 kips (OK) 


For the gusset plate-to-column connection angles, 


Ry - — x 31.4 = 26.9 kips/bolt > 24 kips/bolt (OK) 
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Summary: 

Use 5 bolts for tension member-to-gusset plate connection; 

use 5 bolts for gusset-plate-to connection angles connection; 
use 10 bolts for connection angles to column flange connection; 


use edge distances of 14 in. and bolt spacings of 2 in. throughout. 


79-5 
Let @ = angle that load makes with the horizontal = arctan(12.5/13) = 43.88° 
(a) LRFD solution 
P, = 1.2D+1.6L = 1.2(55) + 1.6(145) = 298.0 kips 
Ty = 298co0s(43.88°) = 214. 8kips, Vy = 298sin(43.88°) = 206. 6 kips 
Assume that tension controls: 


Fr = 1.3(90) - 0. THs = 


= 117-2.5f) < 90 
OF, = 0.75(117 —2.5f)) < 0.75(90) 
= 87.75 - 1.875f) < 67.5 


Let $F, = rs 8 and f, = 206.6 


LAs 
4.8 _ 206.6. 
24. = 87.75 ~ 1.875 ( 206-6 06. } 


214.8 = 87.75EA,-387.4 =» SA, = 6.863 in? 
Required Ay = 42 = 6.863 — 0.5719 in. 


Required diameter = d, = {7a = A0.579 = 0.853 in. | 
Try ¢ -in. diameter bolts, with Ay = =(7/8)7/4 = 0.6013 in.’ 


Check the upper limit on Fy: 
te pas 206, 6 = 206. 6 = 28. 63 ksi 


LAs 12(0.6013) 
Fi, = 117 -2.5f) = 117 ~ 2.5(28.63) = 45.43 ksi<90 ksi (OK) 
Check shear: V,,/bolt = 206.6/12 = 17. 2 kips/bolt 
bRn = bF Ay = 0.75(48)(0.6013) = 21. 6 kips/bolt > 17.2 kips/bolt — (OK) 
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: mie eon 2 
Check bearing. 4 = gr +z = 0.9375 in. 
A 


For the holes nearest the edge, LZ, = L, ~ ae 20> 0.232. = 2, 031 in. 


OR, = (1.2L ty) = 0.75(1.2)(2.031)(1.11)(65) = 132 kips > 17.2 kips (OK) 
$(2.4dtF,,) = 0.75(2.4)(7/8)(1.11)(65) = 114 kips/bolt > 17.2 kips (OK) 


For the other holes, L, = s-h = 4~ 0.9375 = 3.063 in. Since this is larger than Z, for the 
edge bolts, no further check is necessary. 


Minimum spacing = 2 4 d = 2.667(7/8) = 2.33 in.<4in. (OK) 


Minimum edge distance from AISC Table J3.4=1.5in.<2.5in. (OK) 
Required d = 0.853 in.; use }-in.-diameter bolts 
(b) ASD solution 
Pg =D+L = 554145 = 200 kips 
Ta = 200cos(43.88°) = 144.2 kips,  V, = 200sin(43.88°) = 138. 6 kips 
Assume that tension controls: 


1 = 1.3(90) — at). <90 


= 117-3.75f, < 90 
Fy . 117-3.75f © 90 


Q ~ x00 3.00 
= 58.5—1.875f, < 45 
Fu _ 144.2, 138.6 
Let oO 34 and fy = +4; 
144.2 _ 138.6 
4g42. = 58.5 - 1.875( 138.6 36. ) 


144,2 = 58.524; ~— 259.9 = LAy = 6,908 in.? 
Required A, = 24s _ 6.908 0.5757 in? 


Required diameter = d, = pec = goose? = 0.856 in. 
Try 4 -in. diameter bolts, with A, = 2(7/8)*/4 = 0.6013 in.? 


Check the upper limit on F;: 


oj I386 A 1386 : 
ti “EA, ™ 7300.6013) 19. 21 ksi 


Frye = 117 ~3.75f. = 117 — 3.75(19.21) = 44, 96 ksi < 90 ksi (OK) 
Check shear: V2/bolt = 138.6/12 = 11.6 kips/bolt 
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Rn _ Frydy _ 48(0,6013) _ : 
ra mes | a Se 14. 4 kips/bolt > 11.6 kips/bolt (OK) 
: seg ss, cla ‘ 
Check bearing. h = gt 76 0; 937 5: in: 
For the holes nearest the edge, LZ, = L. —- £ = 2.5—- ate = 2. 031 in. 
Ro, Msgbahy. LAG 0310 Tj (65): 5 
ae > ae hss = 87.9 kips > 11.6 kips (OK) 


BAUR 4. 2 ATSC TUNES). ~ 75,8 kips/bolt > 11.6 kips (OK) 


For the other holes, 1, = s—h = 4— 0.9375 = 3. 063 in. Since this is larger than Z, for the 
edge bolts, no further check is necessary. 

Minimum spacing = 24d = 2,667(7/8) = 2.33 in.<4in, (OK) 

Minimum edge distance from AISC Table J3.4=1.5in.<2.5in. (OK) 


Required d = 0.856 in.; use - -in.-diameter bolts 


7Ad-1 

(a) Tension member gross section strength 
P, = FyAg = 50(2.50) = 125.0 kips 
OP, = 0.90(125) = 112.5 kips 


Net section strength: U = 1 — + =]- tos. = 0.9671 


Ae = AgU = 2.50(0.9671) = 2. 418 in.? 
P, = FyAe = 65(2.418) = 157. 2 kips 
oP, = 0.75(157.2) = 117.9 kips 
Weld strength is 
Ry, = 0.707 w(0. 6F exy) = 0.707(3/16)(0.6 x 70) = 5. 568 kips/in. 
oRy = 0.75(5.568) = 4. 176 kips/in. 
Base metal shear strength of the plate: 
Yielding: @Rn» = $(0.6F,f) = 1.00(0.6)(36)(3/8) = 8. 1 kips/in. > 4. 176 kips/in. 
Rupture: OR, = $(0.6F yt) = 0.75(0.6)(58)(3/8) = 9. 788 kips/in. > 4. 176 kips/in. 
Base metal shear strength of the tension member: 
Yielding: OR, = $(0.6F,t) = 1.00(0.6)(50)(0. 179) = 5.37 kips/in. > 4, 176 kips/in. 
Rupture: @R, = 6(0.6F ut) = 0.75(0.6)(65)(0.179) = 5. 236 kips/in. > 4. 176 kips/in. 
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The weld strength is smaller than the base metal strength. 
Total weld strength = 4.176(13 + 13) = 108. 6 kips 
Weld strength controls overall: P, = 108.6 kips, Let 
1.2D+1.6(2.5D) = 108.6, Solution is: {D = 20. 88} 
P=D+L = 20.88 + 2.5(20.88) = 73.1 kips P = 73,1 kips 


(b) ASD solution 
Tension member gross section strength 


Py = FyAg = 50(2.50) = 125.0 kips 


Pu = 125. = 74. 85 kips 


Ae = AgU = 2.50(0.9671) = 2.418 in 
Pn = FyAe = 65(2.418) = 157.2 kips 


Dg rere Se : 
Q, = “3.00 78. 6 kips 


Weld strength: 
R, = 0.707w(0. 6F xx) = 0.707(3/16)(0.6 x 70) = 5. 568 kips/in. 


Ry. 5.568 _ ‘oft 
OC = 3 00 = 2, 784 kips/in. 


Base metal shear strength of the plate: 
Yielding, Re = 9:6%ot _ 0.636)G/8) _ 5 4 kins/in > 2,784 kips/in. 


G50 1.50 
Rupture: Be = O67 . DOCG _ 6.525 kipsiin. > 2.784 kips/in. 


Base metal shear strength of the tension member: 
Yielding: Ba = 9-0/4 . 0.660)0.179) _ 3. 59 kipa/in > 2.784 keipa/in, 


oO 1.50 1.50 


. Rn . 0.6F,t _ 0,.6(65)(0.179) 
Rupture: a “TOO” Vo oe 3.491 kips/in. > 2.784 kips/in. 


The weld strength is smaller than the base metal strength. 
Total weld strength = 2.784(13 + 13) = 72. 38 kips 
Weld strength controls overall: P, = 72.38 kips. P = 72.4 kips 
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741-2 


(a) LRED solution. Gross section: A, = 5, 12 in.* 
OPn = 0.90F,Ag = 0.90(36)(5.12) = 165.9 kips 
Net section: U= 1-4 = 1-9:829 = 0.8342 


A, = AgU = 5,12(0,8342) = 4. 271 in.? 

b:Pn = 0.75FyAe = 0.75(58)(4.271) = 185. 8 kips 
Weld: 

oR, = ¢[0.707w(0.6F exv)] = 0.75(0.707)(1/4)(0.6 x 70) = 5. 568 kips/in. 
(Alternate: @R, = 1.392 x 4 sixteenths = 5.568 kips/in.) 
For the strength of the connection, investigate the two options given in AISC J2.4(c). 
1. Use the basic weld strength for both the longitudinal and transverse welds. 

ORn = 5.568(5 + 5 +5) = 83. 52 kips (for one angle) 


2. Use 0.85 times the basic weld strength for the longitudinal welds and 1.5 times the basic 
weld strength for the transverse weld. 


OR, = 0.85(5.568)(5 + 5) + 1.5(5.568)(5) = 89. 09 kips (for one angle) 
The larger value controls. For two angles, the total weld strength = 89. 09 x 2 = 178.2 kips 


Check block shear on the gusset plate in lieu of base meta! shear strength. 

Ag = Any = (5) x2 = 3.750 in? 

An = 4(5) = 1, 875 in 
From AISC Equation J4-5, 

Ry = 0.6F Any + UasFuAne 

= 0,6(58)(3.750) + 1.0(58)(1.875) = 239. 3 kips 

with an upper limit of 

0.6FyA gy + UnsFuAn = 0.6(36)(3.750) + 1.0(58)(1.875) = 189. 8 kips 
Block shear design strength = @R, = 0.75(189.8) = 142. 4 kips 
Block shear controls, and P, = 142.4 kips. Let 

1.2D+1.6(3D) = 142.4, Solution is: {D = 23. 73} 

P= D+L = 23.73 +3(23.73) = 94. 92 kips P = 94.9 kips 
(b) ASD solution 
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Pa . Fydg _ 366.12) _ 
Oo. = er = [10.4 kips 


Net section: U = 1 ~ * = ]~ 9.829 = 0, 8342 


Ae = AgU = 5.12(0.8342) = 4.271 in.? 


Doce Pye ood = 
Oe, 0p (58)(4.271) = 123.9 kips 
Weld: 
Rn = iL: _ ] = . 2 
o 75 [0. 707 w(0. 6F exx) | 00 (0, 707)(1/4)(0.6 x 70) = 3. 712 kips/in. 
(Alternate: Bi 0.9279 x 4 sixteenths = 3.712 kips/in.) 


Q 
For the strength of the connection, investigate the two options given in AISC J2.4(c). 


1. Use the basic weld strength for both the longitudinal and transverse welds. 


Rn 
Q 


2. Use 0.85 times the basic weld strength for the longitudinal welds and 1.5 times the basic 
weld strength for the transverse weld. 


= 3,712(5+5+5) = 55, 68 kips (for one angle) 


fe = 0.85(3.712)(5 +5) + 1.5(3.712)(5) = 59. 39 kips (for one angle) 


The larger value controls. For two angles, the total weld strength = 59.39 x2 = 119 kips 


Check block shear on the gusset plate in lieu of base metal shear strength. From the LRFD 
solution, the nominal block shear strength is 


R, = 189.8 kips 
The allowable block shear strength is 


Ra — 189.8 ~ 94. 9 kips 


Q 2.00 
Block shear controls: Pq = 94.9 kips 
711-3 


From Table 2-4 in Part 2 of the Manual, for A242 steel, F, = 50 ksi and Fy, = 70 ksi 
(a) LRFD solution 
Tension member gross section: Ag = 0.75(7) = 5.25 in? 
OP, = 0.90F A, = 0,90(50)(5.25) = 236 kips 
Net section: @;P, = 0.75FyAe = 0.75(70)(5.25) = 276 kips 
The weld strength is 
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oR» = 1.392 x 8 sixteenths = 11.14 kips/in. 
There is no base metal shear in this connection. 
Fora 7-in, length, OR» = 11.14 7 = 77. 98 kips 
Total weld strength = 2(77.98) = 156. 0 kips (controls). Let 
1.2D+1.6(2D) = 156.0, Solution is: {D = 35. 45} 
P=D+L = 35,45 + 2(35.45) = 106 kips P = 106 kips 
(b) ASD solution 


Tension member gross section strength: A, = 0.75(7) = 5.25 in? 


P,, . Pedy. 5065.25) — 
ao La 157. 2 kips 


Net section strength:  —=% = —#£ = -—-—=+ = 183.8 kips 


Weld strength: _ = 0,9279 x 8 sixteenths = 7.423 kips/in. 


Total weld strength = 7.423(7 + 7) = 103. 9 kips (controls) P = 104 kips 


711-4 
(a) LRFD solution. Gross section: For the outer member, 
Ag = (5/16)(3) x 2 = 1. 875 in.* 
For the inner member, 
Ag = (1/2)(6) = 3.0 in.? 
Outer member controls:  $:P, = 0.90F Ag = 0.90(36)(1.875) = 60. 75 kips 
Net section: A, = Ag 
b:Pn = 0.75 FyAe = 0.75(58)(1.875) = 81. 56 kips 
Weld: oR, = 1.392 x 4 sixteenths = 5.568 kips/in 
1. Basic weld strength for both the longitudinal and transverse welds: 
oR, = 5.568(3 +3 +3) x2 = 100. 2 kips 


2. 0.85 times the basic weld strength for the longitudinal welds and 1.5 times the basic weld 
strength for the transverse weld: 


OR» = [0.85(5.568)(3 + 3) + 1.5(5.568)(3)] x 2 = 106. 9 kips 
Use the larger value of 106.9 kips. 


Check block shear on the inner member in lieu of base metal shear strength. 
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Age = Am = 4-(3) x2 = 3.0 in? 

Ant = +0) = 1.5in2 
From AISC Equation J4-5, 

Rn = 0.6F eA nv + UnsF uA nt 

= 0.6(58)(3.0) + 1.0(58)(1.5) = 191. 4 kips 

with an upper limit of 

0.6F yA gy + UssFyAn = 0.6(36)(3.0) + 1.0(58)(1.5) = 151. 8 kips 
Block shear design strength = @R, = 0.75(151.8) = 113.9 kips 
Gross section tensile strength controls, and P, = 60.75 kips. Let 

1.2D+1.6(D) = 60.75, Solution is: {D = 21, 70} 

P=D+LI = 21.70+21.70 = 43.4 kips P = 43,4 kips 
(b) ASD solution 


Po. Fyde _ 361.875) _ 49 a kips 


Gross section: 0, a 67 

Net section: 
Py. File 2 580.875) : 
Ooo on = 54.4 kips 

Weld: Ae = 0.9279 x 4 sixteenths = 3.712 kips/in. 


1. Basic weld strength for both the longitudinal and transverse welds: 
= = 3.7123 +343) x2 = 66, 82 kips 


2. 0.85 times the basic weld strength for the longitudinal welds and 1.5 times the basic weld 
strength for the transverse weld: 


ae = [0.85(3.712)(3 +3) + 1.5(3.712)(3)] x 2 = 71.27 kips 


Use the larger value of 71.27 kips. 


Check block shear on the gusset plate in lieu of base metal shear strength. From the LRFD 
solution, the nominal block shear strength is 


R, = 151.8 kips 
The allowable block shear strength is 


Rn _ 151.8 _ : 
Q = 75-00 = 75.9 kips 


Gross section tensile strength controls: P, = 40.4 kips 
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741-5 


From AISC Table J2.4, the minimum weld size is 3/16 inch (based on the angle thickness). 
Maximum size = 5/16 ~ 1/16 = 1/4 in. 


(a) LRFD solution: Py = 1.2D+1.6Z = 1.2(30) + 1.6(75) = 156.0 kips 
Try w = “in., @Rn = 1.392 x 4 sixteenths = 5.568 kips/in. 


The base metal shear yield strength (gusset plate controls) is 
a a ee bcs 
0.6Fyt = 0.6(36) ( 3 ) 8. 1 kips/in. 
Shear rupture strength is 0.45F yt = 0.45(58)( 2 ) = 9, 788 kips/in. 


Base metal shear yield strength for the angles is 


a 5. = ee 
0.6F t = 0.6(50)( 3 x 2) = 18. 75 kips/in. 
and the shear rupture strength is 0.45Fyt = 0.45(65)( 2 x2) = 21.94 kips/in, 


The weld strength of 5.568 kips/in. governs. Both longitudinal and transverse welds will be 
used, To determine the required length of the longitudinal welds, investigate the two options 
specified in AISC J2.4(c). First, assuming the same strength for both the longitudinal and 
transverse welds, 


total required length of weld = 32t, = 28, 02 in. 


length of longitudinal welds = 28.92. — 9. = 11.51 in. 
For the second option, the strength of the longitudinal welds is 
0.85(5.568) = 4. 733 kips/in. 
and the strength of the transverse weld is 
1.5(5.568) = 8. 352 kips/in. 
The load to be carried by the longitudinal welds is 
156 — 5(8.352) = 114. 2 kips 
so the required length of the longitudinal welds is 


4 
34.733) 12. 06 in. 


The first option requires shorter longitudinal welds. Try a S-inch transverse weld and 
twol2-inch longitudinal welds. Check the block shear strength of the gusset plate. 


Agy = Amy = 2x 3-(12) = 9.0 in? Am = %(5) = 1.875 in? 


R, = 0.6F yAnv + UssFuAm = 0.6(58)(9.0) + 1.0(58)(1.875) = 422. 0 kips 
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with an upper limit of 

0.6F A gy + UssFuAm = 0.6(36)(9.0) + 1.0(58)(1.875) = 303. 2 kips (controls) 
The design strength is 

@R, = 0.75(303.2) = 227 kips> 156 kips (OK) 


ae 12" 
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(b) ASD solution: Pa = D+L =30+75 = 105 kips 
Tryw=%in.,  R,/Q = 0.9279 x 4 sixteenths = 3.712 kips/in. 


Base metal shear strength (gusset plate controls): The allowable shear yield strength is 
0.4F,t = 0.4(36)( 2 ) = 5, 4 kips/in. 

and the allowable shear rupture strength is 
0.3F yt = 0.3(58) (4) = 6. 525 kips/in. 


The weld strength of 3.712 kips/in. governs. Both longitudinal and transverse welds will be 
used. To determine the required length of the longitudinal welds, investigate the two options 
specified in AISC J2.4(c). First, assuming the same strength for both the longitudinal and 
transverse welds, 

total required length of weld = pes = 28. 29 in. 


length of longitudinal welds = Ah) =. = 11.65 in, 


For the second option, the strength of the longitudinal welds is 
0.85(3.712) = 3. 155 kips/in. 

and the strength of the transverse weld is 
1.5(3.712) = 5, 568 kips/in. 

The load to be carried by the longitudinal welds is 
105 — 5(5.568) = 77. 16 kips 
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so the required length of the longitudinal welds is 


1 Pa : 
33.155) 155) 12. 23 in. 


The first option requires shorter longitudinal welds. Try a 5-inch transverse weld and two 
12-inch longitudinal welds. Check the block shear strength of the gusset plate. From the 
LRED solution, R, = 303.2 kips, and the allowable strength is 


Rn _ 303.2 . : 
a 7 9 06 152kips> 105 kips (OK) 


Use Y4-in, fillet welds as shown in the figure above (in LRFD solution). 
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From AISC Table J2.4, the minimum weld size is 1/8 inch (based on the angle thickness). 
Maximum size = 1/4 - 1/16 = 3/16 in. 


(a) LRFD solution: P, = 1.2D+ 1.6L = 1.2(7) + 1.6(14) = 30.8 kips 
For one angle, P, = 30.8/2 = 15. 4 kips 
Tryw=1/8in, OR,» = 1.392 x 2 sixteenths = 2.784 kips/in. 


Compare the base metal shear strength of the gusset plate with that of the two angles. The 
plate thickness of 3/8 in. is smaller than 2 x 1/4 = 1/2 inch. Therefore, the weld strength 
cannot exceed the base metal shear strength for a thickness of 3/8 + 2 = 3/16 in. 


The base metal shear yield strength is 
0.6F yt = 0.6(36) (+) = 4.05 kips/in. 
Shear rupture strength is 0.45F ut = 0.45(58) (+) = 4, 894 kips/in. 


The weld strength of 2.784 kips/in. governs. Try two longitudinal welds: 


: =. eo Be: as ‘ 
total required length of weld = 5 784 11. 06 in. 
length of longitudinal welds = 11.06—4 = 3,53 in. 


Use 1/8-in. fillet welds as shown. 
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(b) ASD solution: P,=D+L=7+14 = 21 kips 
For one angle, P, = 21/2 = 10. 5 kips 
Tryw = 1/8in., = -R,/Q = 0.9279 x 2 sixteenths = 1.856 kips/in. 


Compare the base metal shear strength of the gusset plate with that of the two angles. The 
plate thickness of 3/8 in. is smaller than 2 x 1/4 = 1/2 inch. Therefore, the weld strength 
cannot exceed the base metal shear strength for a thickness of 3/8 +2 = 3/16 in. 


The base metal shear yield strength is 
3 co ne: 
0.4F,t = 0.4(36)( 3.) = 2.7 kipsiin. 
and the allowable shear rupture strength is 
_ 3 = : . 
0.3F yt = 0.3(58)( 4 ) 3, 263 kips/in. 
The weld strength of 1.856 kips/in. governs. Try two longitudinal welds. 


total required length of weld = he. = 5.657 in. 


length of longitudinal welds = 5 627 = 2, 829 in. 


From AISC J2.2b, the length of the welds must be at least equal to the distance between 
them, therefore, use a length of 4 inches. 


Use 1/8-in. fillet welds as shown in the figure above (in LRFD solution). 
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From AISC Table J2.4, the minimum weld size is 3/16 inch (based on the gusset plate 
thickness). Maximum size = 0.400 — 1/16 = 0.338 in., or 5/16 in. (to the nearest 1/16 in.) 


(a) LRFD solution: Py, = 1.2D+1.6Z = 1.2(48)+ 1.6(120) = 249. 6 kips 
Try w = 3/16 in., oR, = 1.392 x 3 sixteenths = 4.176 kips/in. 


The base metal shear yield strength (gusset plate controls) is 
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0.6F,t = 0.6(36)(+) = 8.1 kips/in. 
Shear rupture strength is 0.45 Ft = 0.45(58)(2 ) = 9, 788 kips/in. 


The weld strength of 4.176 kips/in. governs. Both longitudinal and transverse welds will be 
used. To determine the required length of the longitudinal welds, investigate the two options 
specified in AISC J2.4(c). First, assuming the same strength for both the longitudinal and 
transverse welds, 

total required length of weid = 443.8. = 59. 77 in. 


length of longitudinal welds = 32.17 — 9.00 = 25, 39 in. 


For the second option, the strength of the longitudinal welds is 
0.85(4.176) = 3. 550 kips/in. 

and the strength of the transverse weld is 
1.5(4.176) = 6. 264 kips/in. 

The load to be carried by the longitudinal welds is 
249.6 — 9(6.264) = 193.2 kips 

so the required length of the longitudinal welds is 


193.2 _ : 
33.550) 27, 21 in. 


To minimize the length of the connection, use the maximum weld size permitted. Use 
w = 5/16 in, 


oR, = 1.392 x 5 sixteenths = 6.96 kips/in 
First, assuming the same strength for both the longitudinal and transverse welds, 
total required length of weld = 249.8. = 35. 86 in, 


length of longitudinal welds = 35.86— 9.00 = 13. 43 in. 


For the second option, the strength of the longitudinal welds is 
0.85(6.96) = 5. 916 kips/in. 

and the strength of the transverse weld is 
1,5(6.96) = 10. 44 kips/in. 

The load to be carried by the longitudinal welds is 
249.6 — 9(10.44) = 155. 6 kips 


so the required length of the longitudinal welds is 
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15536 = : 
25.916) 13. 15 in. 


The second option requires slightly shorter longitudinal welds. Try a 9-inch transverse weld 
and twol3%-inch longitudinal welds. Check the block shear strength of the gusset plate. 


Agy = Any = 2x 4(13.5) = 10.13 in? An * 409) = 3.375 in 
Ry = 0.6F yAn + UosFuAm = 0.6(58)(10. 13) + 1.0(58)(3.375) = 548. 3 kips 
with an upper limit of 
0.6F yAgy + UssFuAm = 0.6(36)(10. 13) + 1.0(58)(3.375) = 414. 6 kips (controls) 
The design strength is 
OR, = 0.75(414.6) = 311 kips > 249.6 kips (OK) 
Use 5/16-in. fillet welds as shown. 


134 ——+ 


(b) ASD solution: Pa = 48+ 120 = 168 kips 


To minimize the length of the connection, use the maximum weld size permitted, Use 
w = 5/16 in. 


R,/Q = 0.9279 x 5 sixteenths = 4.640 kips/in. 
Base metal shear strength (gusset plate controls): The allowable shear yield strength is 
0.4F,¢ = 0.4(36)(2) = 5.4 kips/in, 
8 
and the allowable shear rupture strength is 
0.3Fyt = 0.3(58)(2.) = 6, 525 kips/in. 


The weld strength of 4.640 kips/in. governs. Both longitudinal and transverse welds will be 
used. To determine the required length of the longitudinal welds, investigate the two options 
specified in AISC J2.4(c). First, assuming thé same strength for both the longitudinal and 
transverse welds, 
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: . 168 _ 
total required length of weld = Z640 36, 21 in. 


length of longitudinal welds = 38.21 —9 = 13.61 in. 


For the second option, the strength of the longitudinal welds is 
0.85(4.640) = 3. 944 kips/in. 

and the strength of the transverse weld is 
1.5(4.640) = 6. 96 kips/in. 

The load to be carried by the longitudinal welds is 
168 — 9(6.96) = 105. 4 kips 

so the required length of the longitudinal welds is 


105.4. 
53 bady ~ 13-36 in. 


The second option requires shorter longitudinal welds. Try a 9-inch transverse weld and two 
13%-inch longitudinal welds. Check the block shear strength of the gusset plate. From the 
LRED solution, R, = 414. 6 kips, and the allowable strength is 


Rn . 414.6 _ 
QO = 700 207 kips > 168 kips = (OK) 
Use 5/16-in. fillet welds as shown in the figure above (in LRFD solution). 
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(a) LRFD solution 

Tension member gross section: $;P, = 0,90FyAg = 0.90(36)(1.94) = 62. 86 kips 

For the net section, assume U = 0.80: Ae = Agl = 1.94(0.80) = 1. 552 in? 
$,Pn = 0.75 FuAe = 0.75(58)(1.552) = 67. 51 kips. .. use Py = 62.86 kips 

Fort = 1/4 in., min. w = 1/8 in., and max w = 1/4 - 1/16 = 3/16 in. 


Try two longitudinal E70 fillet welds, and to minimize the length of the connection, try 
w = 3/16 inch, 


@Rn = 1.392 x 3 sixteenths = 4,176 kips/in. 


The base metal shear yield strength (angle controls) is 


0.6F yt = 0.6(36) (+) = 5.4 kips/in, 
Shear rupture strength is 0.45 Ft = 0.45(58)(1) = 6. 525 kips/in. 


The weld strength of 4.176 kips/in. governs. 
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‘ = 62.36 .. : 
Required length = 4176 15.1 in, 


Check assumed value of U: 


U=1-%=1- aoe = 0.865 > assumed value of 0.80 (OK) 


Use ~~ in. E70 fillet welds as shown. 


ona 


(b) ASD solution 

Tension member gross section: P,/Q; = FyA,/Q: = 36(1.94)/1.67 = 41. 82 kips 

For the net section, assume U= 0.80: 9 Ae = AgU = 1.94(0.80) = 1. 552 in? 
P/Q, = FyAe/2.00 = 58(1.552)/2.00 = 45.01 kips. .. use Pa = 41.82 kips 

Fort = 1/4in., min. w = 1/8 in., and max w = 1/4 — 1/16 = 3/16 in. 


Try two longitudinal E70 fillet welds, and to minimize the length of the connection, try 
w = 3/16 inch. 


R,/Q = 0.9279 x 3 sixteenths = 2.784 kips/in. 
The base meta! shear yield strength (angle controls) is 


0.4Ft = 0.4(36)( +) = 3.6 kips/in. 


Shear rupture strength is 0.3F yt = 0.3(58)(-4) = 4. 35 kips/in. 


ah 
4 
The weld strength of 2.784 kips/in. governs. 


: —_ 41.82 _ 
Required length = > 784 15.0 an. 


Check assumed value of U: 


U=1-4% =1- 108. = 0.856 > assumed value of 0.80 (OK) 


Use a -in. E70 fillet welds as shown. 
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ni 


7.11-9 
(a) LRFD Solution 
P, = 1.2(12) + 1.6(36) = 72.0 kips or 72/2 = 36 kips/angle 


L 16(12) - : 
Min. ¢ = 300 = 7300-7 0.64 in. 


Try 2L2%x2%% Ys, Ag = 1.19 in.? (for one angle) > 1.11 in.’ (OK) 
From the properties table for the double-angle section, min = 0.764 in. 
Net section: Assume U = 0.80: 

Ae = AgU = 1.19(0.80) = 0.952 in.? > 0.828 in.? (OK) 


Weld size: min. w = 1/8 in. and max w = a eee! eee 


4 16 16 
Try w = 1/8in.,, OR» = 1.392 x 2 sixteenths = 2.784 kips/in. 


The base metal shear yield strength (angle controls) is 
_ Ws Eh 
0.6Fyt = 0.6(36)(4) = 5.4 kips/in. 
Shear rupture strength is 0.45Fut = 0.45(58)(1) = 6, 525 kips/in. 
The weld strength of 2.784 kips/in. governs, 


Required length = =z = 12.93 in., try two 6%4-in. longitudinal welds. 


[7-55] 


Check assumed value of U: 


Y=1-4=1- SAL = 0.891 > assumed value of 0.80 (OK) 


Use 2124 x 2% x %, welded with +-in. E70 fillet welds as shown. 


He 6" 


(b) ASD solution 
Pq = 12+36 = 48kips or 48/2 = 24 kips/angle 


2 — oe ot ee — 24 b—J j 2 
Req’d A, 0.6F, ~ 0.6(36) 1.11 in. 
’ = Pa = 24 be 2 
Req’d A. 0.5K, 0.5(58) 0. 828 in 
faye oda Se ROLL) 
Min. r = 300 = 3007 0.64 in. 


Try 2L2% x 2%x %, A, = 1.19 in.? (for one angle) > 1.11 in.2 (OR) 
From the properties table for the double-angle section, mm = 0.764 in. 
Net section: Assume U = 0.80: 
A, = AgU = 1,19(0.80) = 0,952 in.” > 0.828 in? (OK) 
i l 3 


Weld size: min. w = 1/8 in. and max w = Gag ie in. 


Try w = 1/8 in., R»/Q = 0.9279 x 2 sixteenths = 1.856 kips/in. 


The base metal shear yield strength (angle controls) is 


0.4Fyt = 0.4(36)( +) = 3. 6 kips/in. 
Shear rupture strength is 0.3F,¢ = 0.3(58) 1) = 4.35 kips/in. 
P 4 


The weld strength of 1.856 kips/in. governs. 
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Required length = he = 12.93 in., try two 6%-in. longitudinal welds. 


Check assumed value of U : 


U=1-4=1- re = 0.891 > assumed value of 0.80 (OK) 
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(a) LRFD solution 
From load combination 2, P, = 1.2D+1.6L = 1.2(54) + 1.6(80) = 192. 8 kips 
From load combination 4, 


P, = 1,2D + 1.6W+0.5L = 1.2(54) + 1.6(75) + 0.5(80) = 224. 8 kips (controls) 


, ee <i eee ee 2 
Req’d Ag = 0.9F, 9..9(50) 5.00 in. 


7 Gy ee ne Si VaR 2 a 
Req'd de = 9-75, = 9.75(65) 7 Ot ™ 


. Sth oe OE x: F 
Min. r = a6 300. 0.7 in. 


Try C10x20, Ag = 5.87 in? > 5.00 in.* (OK) 
Fmin = 0.690 in. = 0.7 in. (OK) 
Net section: Assume U = 0.80 : 
A, = AgU = 5,87(0.80) = 4.70 in? > 4.61 in? (OK) 


Weld size: tp, =3/8 in. ty =0.379in., 9 Wmin = 4 in. 


Try a +--in. fillet weld; use E70 electrodes. 
@Ry = 1.392 x 3 sixteenths = 4.176 kips/in. kips/in. 


The base metal shear yield strength (gusset plate controls) is 
0.6Fyt = 0.6(36)( 2) = 8.1 kips/in. 
8 
Shear rupture strength is 0.457 yf = 0.45(58) (+) = 9, 788 kips/in. 


The weld strength of 4.176 kips/in. governs. Both longitudinal and transverse welds will be 
used. To determine the required length of the longitudinal welds, investigate the two options 
specified in AISC J2.4(c). First, assuming the same strength for both the longitudinal and 
transverse welds, 


total required length of weld = 404.8 = 53. 83 in. 
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length of longitudinal welds = 23.83 10.0 = 21.9 in. 


For the second option, the strength of the longitudinal welds is 
0.85(4. 176) = 3. 550 kips/in. 

and the strength of the transverse weld is 
1.5(4.176) = 6. 264 kips/in. 

The load to be carried by the longitudinal welds is 
224,8 ~ 10.0(6.264) = 162. 2 kips 

so the required length of the longitudinal welds is 


162.20. : 
(3. $50) 22.9 in 


The first option results in a shorter connection. Use a transverse weld and two 22-inch 
longitudinal welds. Check assumed value of U': 


U=1-4 =1- 9.806 = 0.973 > assumed value of 0.80 (OK) 


>—2 


Check block shear on gusset plate. 


The shear areasare Ag, = Any = 4 (22)(2) = 16.5 in.? 


The tension areais Ay = (10) = 3,75 in.? 

Ry = 0.6F Am + UpsFuAnt 

= 0.6(58)(16.5) + 1.0(58)(3.75) = 791.7 kips 

with an upper limit of 

0.6FyAgy + UnsF.Am = 0.6(36)(16.5) + 1.0(58)(3.75) = 573. 9 kips 
Use Rn = 573.9 kips, $Ry = 0.75(573.9) = 430 kips > 224. 8kips (OK) 

Use a C10 x 20, welded with ra -in. E70 fillet welds as shown. 

(b) ASD solution 


Load combination 6 controls: 
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Py = D+0.75W+0.75L = 54 + 0.75(75) + 0.75(80) = 170.3 kips 


= 0.6F, ~ 0.6(50) 


> oe Pa oe 170.3 = in 2 
Req'd de = si = 9.5065) 


; ae eee es a . 
Min. r = 300 = 300 «: 0,7 in. 


Try C10x 20, Ag = 5.87 in.? > 5.68 in.? (OK) 
Ymin = 0.690 in. 0.7 in. (OK) 
Net section: Assume U = 0.90 : 
Ae = AgU = 5.87(0.90) = 5. 28 in? > 5.24 in. (OK) 
Weld size: tp, = 3/8 in., ty = 0.379 in. 
Wain = Be in. — Wanax = 0.379 ~ 1/16 = 0.3165 in. or 5/16 in. 


Try a %-in. fillet weld; use E70 electrodes. 
@Ry = 0.9279 x 4 sixteenths = 3. 712 kips/in. 


The base metal shear yield strength (gusset plate controls) is 
- ce are 
0.4F yt = 0.4(36)(4 ) = 5.4 kips/in, 
Shear rupture strength is 0.3F',f = 0.3(58) (3) = 6, 525 kips/in. 


The weld strength of 3.712 kips/in. governs. Both longitudinal and transverse welds will be 
used. To determine the required length of the longitudinal welds, investigate the two options 
specified in AISC J2.4(c). First, assuming the same strength for both the longitudinal and 
transverse welds, 
total required length of weld = 170.3. = 45. 88 in 
3.712 ; ; 


length of longitudinal welds = 45.88— 10.0. = 17.9 in. 


For the second option, the strength of the longitudinal welds is 
0.85(3.712) = 3. 155 kips/in. 
and the strength of the transverse weld is 
1.5(3.712) = 5. 568 kips/in. 
The load to be carried by the longitudinal welds is 
| 170.3 — 10.0(5.568) = 114. 6 kips 


so the required length of the longitudinal welds is 
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114.6 ; 
AG issy 7 18:2in 


The first option results in a shorter connection. Use a transverse weld and two 18-inch 
longitudinal welds. Check assumed value of U : 


U=1~% = 1-9.606 ~ 0.966 > assumed value of 0.90 (OK) 


18 
— 
| 


Check block shear on gusset plate. 


The shear areasare Ag = Ag = $-(18)(2) = 13.5 in.? 


The tension areais Ay = (10) = 3) 75.1.7 


Ry = 0.6F yAmy + UpsF uA m 
= 0.6(58)(13.5) + 1,0(58)(3.75) = 687. 3 kips 
with an upper limit of 
0.6F A gy + UnsFuA m = 0.6(36)(13.5) + 1.0(58)(3.75) = 509. | kips 
Use R, = 509.1 kips 
fe = 303.1 = 255 kips>170.3kips (OK) 
Use a C10 x 20, welded with “-in. E70 fillet welds as shown. 
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CHAPTER 8 - ECCENTRIC CONNECTIONS 


§.2-1 
Direct shear components: 


P, = (15) =9kips, Py = 4(15) = 12 kips 


Pax = 4 = 2.25 kips> Poy = 12. = 3 kips | 
Eccentricity: ¢,=12in, ey =9+1.5-4.5 = 6in. 
M = 9(6) + 12(12) = 198 in.-kips ~ 
Si(x? + y?) = 2[(4.5)? + (1.5)?] = 45.0 in.? 
Top bolt is critical. x = 0, y = 9/2 = 4,5 in, 


ie oe ee 198(4.5) _ 19. 8kips > 


iG? +y7) 45 
Yi py = 2.25+19.8 = 22. 05kips> op, = 3kips| 


p= J(Sipry + Copy)? = f(22.05)? + (3)? = 22. 25 kips p = 22.3 kips 


§.2-2 


Eccentricity; ¢,=3+3+4=10in, ey = 5.5 = 2.75 in. 
. 2 


Six? + y2) = 2[(6)? + (3)? + (3)? + (6)7] + 10(2.75)? = 255. 6 in.? 
(a) Direct shear components: 
P, = P,,cos30° = 0,866P,, Py = P,sin30° = 0.5P, 


re Bene = 0.0866P,kips+ py = aah 


M = 0.5P,(10) + 0.866P.(2.75) = 7. 382P, in.-kips 7 


= 0.05P, kips | 


Top right bolt is critical. x = 6in., y = 5.5/2 = 2.75 in. 


My 7. se2F yl. 79) 2 , 
= ee E77, 942 x 10°*P, kips > 
Pa Satsyy) 255.6 is 
= Me, 7, 382Pu(6) _ ips > 
Pmy = Salo) = —“te5 6 0.173 3P, kips 


Yo px = 0.086 6P, + 7. 942 x 107° P, = 0.166, kips+ 
Spy = 0.05P, + 0.1733P, = 0.223 3P, kips | 


p= f(Spx)? + (ip) = {0.166P,)? + (0.2233P.)? = 0.278 2P, kips 


[8-1] 


Slip-critical strength will control over shear. Assuming Class A surfaces, 
Ry = BDyhscTpNs = 0.35(1.13)(1.0)(28)(1) = 11. 07 kips/bolt 
Rn = 1.0(11.07) = 11. 07 kips/bolt 
Let 0.2782P, = 11.07 = P,, = 39.8 kips 


8.2-3 
Direct shear component: py = te 8 kips | 
Determine location of centroid with respect to lower left bolt: 

ge 2 Ligin, p= 342M 3,43 

5 5 

Eccentricity: éx = 34+2+8-1.8 = 11.2 in. 

M = 40(11.2) = 448.0 in.-kips rn 

D(x? + y2) = (1.8)7(2) + (3 — 1.8)2(3) + (3.4)2(2) + (3.4 - 3)? + (7 - 3.4)2(2) 


= 60.0 in.? 
Top right bolt is critical x =3-1.8= 1.2in, y=3+4-3.4 = 3. 6in, 
_ My _ 448(3.6) _ beta 
Pre = Spa = gy = 26. 88kips 
= — My ___ .. 480.2) _ 2 096 
Pm Set) 60 ks 


3" px = 26.88 kips+ Dd py = 8+ 8.96 = 16. 96 kips | 


p= {Oipx)’ + (py)? = (26.88)? + (16.96)? =31.8kips p= 31.8 kips 


8.2-4 


Direct shear component: = pex = a = 14.0 kips > 


4 sp. 
@2n" 
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M = 70(1.58) = 110. 6 in-kips 
Si(x? + y2) = (2.25)2(2) + (4.5)?(2) = 50. 63 in? 


- Mx — 110,6(4.5) _ 
Pmy = 0a) “sq 60 > 9. 83 kips f 


p= {Spx) + (apy) = (140) + 0.83)? = 17. 11 Kips 


Without considering eccentricity, p = pcx = 14.0 kips 
Difference = 17.11 ~ 14.0 = 3. 11 kips (22%) Difference = 3.11 kips 


8.2-5 


Direct shear components: 


Pex = 20. = Akips + Poy = “B= 8 kips | 


Determine location of centroid with respect to lower right bolt: 


g= 4) = 1.2in, y = 3 in. 


Eccentricity: ex = 1.2+6 = 7.2 in, éy = 342 = Sin. 
M = 40(7.2) — 20(5) = 188.0 in.-kips a 
bBee +y*) = 3(1.2)? +2(1.8)? + 4(3)? = 46, 8 in.? 


Lower right bolt is critical, x = 1.2in,, y = 3 in. 
see OE ois LOBBY 7 
Pm Tae +7) 46.8 12. 05 kips + 


Mx _ 188(1.2) 


Py = Fay) 46.8 = 4, 821 kips | 


Sips = 4+ 12.05 = 16.05 kips + Spy = 8+ 4.821 = 12. 82 kips | 


p= {(Xipy)y + (Spy) = (16.05)? + (12.82)? = 20.5 kips — p = 20.5 kips 


8.2-6 


Determine location of centroid with respect to lower left bolt: 


to 3) +6) a1 Sie. pe 3Q) + 6U1) +93) 6 ban 


Eccentricity: ex = 12.5-1.5 = 11.0in, ey = 641.5 =7, 5 in. 
pe te +y*) = (1.5)?(4) + (1.5)? + (4.5)? + (3)2(3) + (3)? + (6)? = 103.5 in.? 
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(a) Py = 1,.2D+1.6L = 1.2(20) + 1.6(35) = 80.0 kips 
Direct shear components: 
Pics 3-(80) =48kips> Py = (80) = 64 kips | 


De * a = &kips > Poy = & = 10. 67 kips | 


M = 64(11.0) — 48(7.5) = 344.0 in.-kips n 
Top right bolt is critical, x» = 4,5in,, y =3 in. 


wt ace MO oon 
Dow = Teta * 1033 9. 971 kips > 
Mx _ 344(4.5) = 14,96 kips | 


Pa Yiat+yy ~~ 103.8 
Dipx = 8+9.971 = 17.97 kips> Sip, = 10.674 14.96 = 25. 63 kips | 


p= f(px)’ + (py) = {AT 97)? + 25.63)* = 31.3 kips 


Assuming that the threads are in shear (N bolts), 
ORn = OF Ap = 0.75(48)A, = 31.3 = Ap = 0.8694 in.? 


From Fa = 0.8694, d= 1.05 in. Use I+-in. diameter bolts 


8.2-7 


Determine location of centroid with respect to lower right bolt: 


2 22) 4 106) 4667». 293 2 0667 in: 
Eccentricity: ey = 10+ 1.667 =11.67in, ey = 10~2.667 = 7. 333 in. 
Di? +y?) = (1.667)?(3) + (0.3333)2(2) + (4.333)? 
+ (2.667)7(3) + (1.333)?(2) + (5.333)? = 80. 67 in.? 
(a) LRFD solution: =P, = 1.2D+ 1.62 = 1,2(18) + 1.6(40) = 85. 6 kips 
Puy = 4(85.6) =68.48kips~ Py = 385.6) = 51. 36 kips | 
Direct shear components: po = 848 = 11.41 kips + Pe = 31,36 = 8.56 kips | 
M = 51.36(11.67) ~ 68.48(7.333) = 97. 21 in.-kips n 


Check top right bolt. x= 1.667in, y= 8~2,667 = 5.333 in. 


> My 3 OT 2M AI3) Sg 
Pox For ae) 80 67 6. 426 kips 


[8-4] 


_ Me __97.21(1.667) 
Pm S02 +) 80.67 


Sips = 6.426 -11.41 = -4.984kips (+)  Eipy = 8.56 + 2.009 = 10. 57 kips | 


= 2.009 kips | 


p= {( SDs) + CLDy) = f(-4.984)? + (10.57)? = 11. 69 kips 
Check bottom right bolt. x = 1.667 in., y = 2.667 in. 
My _ 97.21(2.667) _ 3 914 kips « 


Pe = SG BOE? 
- — Me. 97.2101,667) 
Pmy = wee $y) 80.67 2.009 kips | 


Yips = 11.414+3.214 = 14. 62kipse Vi py = 8.56 + 2.009 = 10. 57 kips | 


(Spx)? + (Spy)? = (04.62)? + (10.57)? = 18. 04 kips (controls) 
Assuming that the threads are in shear (N bolts), 
bRn = OF wAy = 0.75(48)A5 = 18.04 => Ay = 0.5011 in.? 
From ad. = 0.5011, d=0.799in. Required d = 0.799 in.; use “4 -in, diameter bolts 
(b) ASD solution: P, = D+L= 18+40 = 58 kips 
Por = (58) =46.4kips~ Pay = (58) = 34.8 kips | 


Direct shear components: Pa = =o. = 7,733 kips< Poy = 33.8 = 5, 800 kips | 


M = 34.8(11.67) — 46.4(7.333) = 65. 86 in.-kips 4 
Bottom right bolt is critical. x = 1.667 in., y = 2.667 in. 


My _ 65.86(2.667) 9 177 kips = 


Pm = 


Yixt+y?)  —-_-80.67 
_ Mr, 65.86(1.667) _ 
Pmy yet) 80.67 1, 361 kips | 


Sips = 7.733 42.177 = 9.91 kips+ — Lipy = 5.800 + 1.361 = 7. 161 kips | 


p= {Xp + Copy) = (O91) + 7-161)? = 12. 23 kips (controls) 


Assuming that the threads are in shear (N bolts), 


Rn . FmdAp _ 484d _ ss eae 
O° oO DO! 12.23 => A, = 0.5096 in. 


From He, = 0.5096, d= 0.806in. Required d = 0.806 in.; use +-in. diameter bolts 


§.2-8 
LRFD solution 
Determine location of centroid with respect to lower left bolt: 


z= 265) <2 357 In, j= PO DEND 4200.5) 2 5.0 in, 


M = 31.18(5.5 + 1.5 + 6.5 — 2.357) ~ 18.0(10.5 +2 ~5) = 212. 4 in.-kips n 
Dix? + y*) = (2.357)2(4) + (5.5 — 2.357)2(3) + (5)2(2) 
+ (5 —3.5)?(2) + (7 — 5)*(1) + (10.5 — 5)2(2) = 170. 9 in? 
y= 1.2D+4+1,6L = 1.2(10) + 1.6(15) = 36.0 kips 
Direct shear components: 
Py = 36cos60° = 18.0kips- Pyy = 36sin60° = 31. 18kips| 
Dex = 4B =2.571 Kips py = 21,18. = 4, 454 kips | 


Eccentric shear components: Check lower right bolt. 


Pes Satay) 7 Tad ~ 6214 Kips 
xe +y , 


= edhe 212 AGS = 2,357). 
So(x? + y*) 4 170.9 = 3, 906 kips | 


Dips = 2.571 + 6.214 = 8. 785kips « Sip, = 4.454 43.906 = 8.36 kips | 


pe Onna + (Spy)? = f(8.785)? + (8.36)? = 12.13 kips 

Slip-critical strength will control over shear. Assuming Class A surfaces, 
Rn = WD AseTpNs = 0.35(1.13)(1.0)7,(1.0) = 0.395 57; kips/bolt 
ORn = 1.0(0.39557,) = 0.39557, 

For 0.39557; = 12.13, T, = 30.7 kips. 

From AISC Table J3.1, 7; = 39 kips for a +-inch diameter bolt. 


Use .-inch diameter A325 bolts. 


8.2-9 
Location of centroid with respect to lower row of bolts: y= 3(6) ee 3. 5 in. 
Si(x? + y?) = 4(3)? + 203.5)? + (0.5)? +. 3(2.5)? = 79.5 in? 


(a) LRFD solution: Py = 1.2D+ 1.6L = 1.2(2.5)+1.6(7.5) = 15.0 kips 
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Direct shear components: = Dex = 43. = 2.5 kips > 


Lower right bolt controls. 


M = 15(10 + 3.5) = 202.5 in.-kips A 


My 202.5(3.5) | 
Pus = FGI 202902). — 8,915 kips + 
Mx = 202.503) _ 7. 642 kips | 


Pm = s(x? +y?) ~ 799 5 


Dips = 2.54+8.915 = 11. 42kips Py = 7.642 kips | 


p= {Cops + py)? = (C1142)? + 7.642)? = 13. 74 kips 


Assuming that the threads are in shear (N bolts), 


ORn = OF wAy = 0.75(48)A, = 13.74 = Ay = (0.3817 in? 


From 24 = 0.3817, d= 0.697in, Try = } inch. 


Check bearing. A= d+ — + + ++ = 43 in. For the holes nearest the edge, 


16 
Le =Le-# =2-e 2) 594 in 


OR, = O(1.2LetFy) = 0.75(1.2)(1.594)(3/8)(58) = 31.2 kips 
$(2.4dtF,) = 0.75(2.4)(3/4)(3/8)(58) = 29.4 kips < 31.2 kips 


”. use OR, = 29.4 kips/bolt > 13.7 kips/bolt | (OK) 
(No need to check the other bolts, since L, will be larger.) 
(b) ASD solution: Ps = D+ZL = 10kips 
Direct shear components: = Pa = 4? = 1. 667 kips > 
Lower right bolt controls. 
M = 10(10+ 3.5) = 135 in.-kips n 


‘i My 3 BIG )3.< , 
Pmx ey) 79.8 5. 943 kips > 


ee): a 13303). = , 
Pmy 5x? +y7) 79,5 5, 094 kips | 


Use ri -in, diameter bolts. 


Yipx = 1.667+5.943 = 7.610kips + Sop, = 5.094 kips | 


p= {(Xpx) + py)’ = f(7-610)" + 6.094)? = 9, 158 kips 


Assuming that the threads are in shear (N bolts), 
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Ry _ Fmd _ 484; 
Q Q 2.00 


From 22. = 0.3816, d= 0.697 in. Tryd = 2 inch. 


= 9.158 => Ay = 0.3816 in.? 


Check bearing. h = d+ LL. = 4 + <L. = 13 in. For the holes nearest the edge, 


16 16 16 
Le =Le-# =2- ee = 1.594 in, 
fm Oe es Oa 1 SER LEG) = 20.8 kips 
Q fo) 
2.4atF, _ 2.4( ave: 
ao 560 = 19.6 kips < 20.8 kips 


“use ae = 19.6 kips/bolt > 9.16 kips/bolt (OK) 


(No need to check the other bolts, since Z, will be larger.) Use - -in. diameter bolts. 
8.2-10 
(a) Direct shear components: pe = a = 7,167 kips + 


M = 43(8) = 344 in.-kips n 
Dix? + y?) = 2(3)? + 2(9)? + 2(15)? = 630 in? 
Right-hand bolt controls. 


Ve, 3445) _ gg 19 ki 
Pov SiGe ey) a PSS 


p= [(p:)? + ip) = (7.167)? + (8.19)? = 10.9kips p= 10.9 kips 


(b) Use Table 7-7, Angle = 0°. Fore, = 8in,n=6, ands = 6in,, 
C = 4.47 


Using the table notation, Bolt force =r, = —* = -“2.. = 9, 62 kips 


p = 9.62 kips (11.7% less than force from elastic analysis) 
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8.2-11 


Use Table 7-9, Angle = 30°. n=Sands = 3 in. 


é 
x 


Or Or Do © ca ae 
ass + sy" 


e, = 10tan30° + 33 = §. 524 in. 


C = 4.756 


Slip-critical strength: 


30° 


hn = MDulseThNs = 0.35(1.13)(1.0)(28)(1) = 11. 07 kips/bolt 


For the connection, Ry = Cry = 4.756(11.07) = 52. 65 kips 
(a) LRFD solution 

Py = @R, = 0.75(52.65) = 39.5 kips 
(b) ASD solution 

Pp, = Be = 52.65. = 26,3 kips 


8.2-12 


Use Table 7-14, Angle = 30°. n=3 ands = 3 in. 
éy = 44+442-—3tan30° = 8. 268 in. 
C = 5.687 
Pn = FyAp = 48(0.4418) = 21. 21 kips/bolt 
Ry = Crp = 5.687(21.21) = 120. 6 kips 

(a) oR, = 0.75(120.6) = 90.5 kips 

(b) R,/Q = 120,6/2.00 = 60. 3 kips 
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P, = 39.5 kips 
P, = 26.3 kips 
P,, = 90.5 kips 


P, = 60.3 kips 


8.2-13 


From the solution to problem 8.2-12, Use Table 7-14, Angle = 30°, s = 3 in. 
ey =4+4+2-—3tan30° = 8.268 in. 
ry = FryyAy = 48(0.4418) = 21, 21 kips/bolt 

(a) Py = 1.2D4+ 1.6L = 1,2(40) + 1.6(90) = 192.0 kips 


eee is eee 192 Fe 
Cra = Gre = HSQL) 12 
Forn = 6, C = 13.8 Use n = 6 bolts per vertical row 


(b) Pa = D+L = 40 +90 = 130 kips 
QP, _ 2.00(130) 


C req re to a) es = 12.26 
Forn=6, C= 13.8 Use n = 6 bolts per vertical row 
8.3-1 
Nominal bearing strength: A = 1 + 3 = 1, 063 in. 


For edge bolts, L- = Le —- 4 = 2— 1.063. = 1, 469 in. 


For other bolts, 2, = s—h = 14~1.063 = 12. 94 in. 
Check strength with £, = 1.469 in. 
ty = 1.12 in. for W10 x 100 or 0.615 in, for WTS x 27 (controls) 
Ry = 1.2L ¢tFy = 1.2(1.469)(0.615)(65) = 70. 47 kips 
2.4dtF, = 02.4(1.0)(0.560)(65) = 87. 36 kips 
“. use R, = 70.47 kips/bolt 
Shear strength: A, = md7/4 = 2(1.0)7/4 = 0.7854 in.? 
Assume that threads are in the plane of shear, 
Rn = FryAp = 48(0.7854) = 37. 70 kips/bolt 
Shear strength, not bearing, controls. 
(a) LRFD solution 
Factored load = P, = 1.2D+1.6£ = 1.2(18) + 1.6(50) = 101. 6 kips 
Shear/bearing load per bolt = 101.6/4 = 25. 4 kips 
Shear strength per bolt = @R, = 0.75(37.70) = 28.3 kips>25.4kips (OK) 


Tension: 
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> Mya = 2r:(7 +7) = 28.0r,, M, = Pye = 101.6(3) = 304. 8 in.-kips 
From 287, = 304.8, r; = 10.9 kips 


fy = 7224. = 32.34 ksi 


0.7854 
eee Re eee ae fy SF 
np 
= ee: | ee a : : 
1.3(90) ~ F-aalggy (32.34) = 36. 15 ksi < 90 ksi 


ORn = OF yA, = 0.75(36.15)(0,7854) = 21.3 kips/bolt > 10.9 kips/bolt (OI) 
Bolts are adequate 
(b) ASD solution 
Service load = Pz = D+L = 18+50 = 68 kips 
Shear/bearing load per bolt = 68/4 = 17 kips 


é op Mice STI: : 
Shear strength per bolt = 0 = 500 18.9 kips>17kips (OK) 


Tension: 

3° Mya = 2r(7 +7) = 28.0r,, Ma = Pae = 68(3) = 204 in.-kips 
From 287; = 204, r; = 7.29 kips 

fr = Ah, = 21.65 ksi 


~ 0.7854 
Fy = 1.3Fy ~ SEW, < Fy 


= 1,3(90) - ie (21.65) = 35. 81 ksi < 90 ksi 


The allowable tensile strength is 


R, _ FuAy _ 35,81(0.7854) 
OG 2.00 


= 14.1 kips>7.29kips (OK) 


Bolts are adequate 


8.3-2 

LRFD solution 
P, = 1.2D+1.6£ = 1.2(24) + 1.6(58) = 121. 6 kips 
Shear/bearing load per bolt = 121.6/8 = 15. 2 kips 


ing str iy a eee Cenweme © 
Bearing strength: h = ¢ + 6 1g iM 
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For edge bolts, LZ, = Le — 4 = 2- 4216 


For other bolts, Z, = s—h = 3 — 15/16 = 2. 063 in. 


= 1,531] in. 


Check strength with Z, = 1,531 in. 
ty = 1.11 in. for W12 x 120 or 0.575 in. for WT6 x 26.5 (controls) 
ORn = PL. 2L-tFy) = 0.75(1.2)(1.531)(0.575)(65) = 51.5 kips 
o(2.4atF,) = 0.75(2.4)(7/8)(0.575)(65) = 58.9 kips > 51.5 kips 
”. use OR, = 51,5 kips/boit > 15.2 kips/bolt (OK) 
Shear strength: 4, = 2d?/4 = 2(7/8)?/4 = 0.6013 in.? 
Assume that threads are in the plane of shear. 
Rn = OF wAy = 0.75(48)(0.6013) = 21. 6 kips/bolt > 15.2 kips/bolt | (OK) 
Tension: 
Yi Mna = 2r(4.541.541.544.5) = 24r, 
M, = Pye = 121.6(3) = 364. 8 in.-kips 
From 24r, = 364.8, r; = 15.2 kips 


2 al Sc ae 
FL = 1.3F BRS SF f= a egty = 23.91 ksi 
as ee err 1! eee = ; i 

1.3090) - Fea (23.91) = 57. 23 ksi < 90 ksi 


OR, = OF As = 0.75(57.23)(0.6013) = 25. 8 kips/bolt > 15.2 kips/bolt (OK) 


Bolts are adequate 


8.3-3 


Nominal bearing strength: 2 = 4 + + = 0.9375 in. 


ty = 0.605 in, for W12 x 65 or 0.670 in. for WTI5 x 49.5 
For edge bolts (applies to WT only), ZL. = Le - =2- S312. = 1.531 in. 
Ry = 1.2L Fy, = 1.2(1.531)(0.670)(65) = 80. 01 kips 
2.4atF, = 2.4(7/8)(0.670)(65) = 91. 46 kips 
“. use R, = 80.01 kips/bolt for these bolts 
For other bolts (use ty for W), Z, = s-—h = 3 — 0.9375 = 2. 063 in. 
Ry = 1.2L,¢F, = 1.2(2.063)(0.605)(65) = 97. 35 kips 
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2.4atF,, = 2.4(7/8)(0.605)(65) = 82. 58 kips 
”. use R, = 82.58 kips/bolt for these bolts 

Shear strength: A, = md?/4 = 2(7/8)7/4 = 0.6013 in.? 
Assume that threads are in the plane of shear. 

Rn = FyyAsy = 48(0.6013) = 28. 86 kips/bolt 
Shear strength, not bearing, controls. 
(a) LRFD solution 

Factored load = P, = 1.2D + 1.6L = 1,.2(25) + 1.6(75) = 150.0 kips 

Shear/bearing load per bolt = 150/10 = 15 kips 

Shear strength per bolt = @R, = 0.75(28.86) = 21.6kips>iSkips (OK) 
Tension: 

>) Mya = 2r(3 +3464 6) = 36r:, M, = Pye = 150(6) = 900 in.-kips 
From 36r, = 900, r; = 25 kips 

fr = He = 24. 95 ksi 


= 0.6013 
nes oe eae eee ae 3 
nt . nt OF nv v= nt 
= eet hee f = i i 
1.3(90) ~ -a8tqgy (24.95) = 94. 63 ksi < 90 ksi 


oRn = OF As = 0.75(54.63)(0.6013) = 24.6 kips/bolt < 25 kips/bolt (N.G.) 
Bolts are not adequate 
(b) ASD solution 
Service load = P, = D+L =25+75 = 100kips 
Shear/bearing load per bolt = 100/10 = 10 kips 


Shear strength per bolt = io Wigs 45.86 = 14.4kips>10kips (OR) 


Tension: 
>) Mya = 2r,(3+3+6+6) = 36n, M, = Pae = 100(6) = 600 in.-kips 
From 36r, = 600, r, = 16.7 kips 


ae ; 
f= eoiy = 16: 63 ksi 


Fy = 1.3F ye — GEO, < Pry 


= 1.3(90) - 2.0000 (16.63) = 54. 64 ksi < 90 ksi 
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The allowable tensile strength is 


Ri _ Fuds _ 54.64(0,6013) _ : , 
OF sy ea 16.4 kips < 16.7 kips (N.G.) 
Bolts are not adequate 
8.3~4 
LRFD solution 


Factored load = Py = 1.2D+1.6L = 1.2(10) + 1.6(28) = 56. 8 kips 
Shear/bearing load per bolt = 56.8/6 = 9. 467 kips 
Bearing strength: tr = 0.560 in. for W10 x 49 or 0,620 in. for WT5 x 22.5 


For edge bolts (applies to WT only), Le = Le~ 4 = 1.5 - mes = 1,094 in, 


@Rn = O(1.2L-tFy) = 0.75(1.2)(1.094)(0.620)(65) = 39.7 kips 
$(2.4dtF,,) = 0.75(2.4)(3/4)(0.620)(65) = 54.4 kips > 39.7 kips 
“. use Ry = 39.7 kips/bolt > 9.467 kips/bolt (OK) 
For other bolts, L, = s—hk = 3 — 13/16 = 2. 188 in. 
OR, = O(1.2L¢tFy) = 0.75(1.2)(2. 188)(0.560)(65) = 71.7 kips 
$(2.4dtF,,) = 0.75(2.4)(3/4)(0.560)(65) = 49.1 kips < 71.7 kips 
“use 6Rn = 49.1 kips/bolt > 9.467 kips/bolt (OK) 
Shear strength: 4, = md2/4 = 2(3/4)*/4 = 0.4418 in.? 
Assume that threads are in the plane of shear. 
@Rn = OF mAs = 0.75(48)(0.4418) = 15. 9 kips/bolt > 9.467 kips (OK) 


Tension: Determine location of centroid of bolt areas (neutral axis), measured from top 
bolts. 


p= AO20) = 5.0 in, 


> Mya = 2r,(5 +1 + 4) = 20r; 
M, = Pye = 56.8(3) = 170. 4 in.-kips 
From 20r; = 170.4, r; = 8.52 kips 


Fu _ 9.467 _ 
Bath S Fas fo = agpig 7 21 43 ksi 


jer he eee 


[8-14] 


= pagertec | Neale s 
1.3(90) ~ 575048) (21.43) = 63. 43 ksi < 90 ksi 


OR, = OF As = 0.75(63.43)(0.4418) = 21.0 kips/bolt > 8.52 kips/bolt (OK) 


Bolts are adequate 


8.3-5 
(a) LRFD solution: 
P, = 1.2D4+ 1.6L = 1.2(0.33 x 110) + 1.6(0.67 x 110) = 161.5 kips 


Vertical component of load = 2-(161.5) = 96, 90 kips 
Horizontal component of load = 4 (161, 5) = 129, 2 kips 


Shear load per bolt = 96.90/10 = 9.690 kips 
Shear strength: 4, = md?/4 = 2(7/8)*/4 = 0.6013 in.? 
Assume that threads are in the plane of shear. 
ORn = OF mAs = 0.75(48)(0.6013) = 21. 6 kips/bolt > 9.69 kips (OK) 
Tension: Direct tensile load per bolt = 129.2/10 = 12. 92 kips 
>, Mw = 27:3 +6) x2 = 367; 
M, = Pye = 96.90(6) = 581. 4 in.-kips 
From 367; = 581.4, r; = 16.15 kips 
Total tensile load per bolt = 12.92 + 16.15 = 29.1 kips 


Fru = 1.3 F ye - am S Fre, to = pach. = 16. 12 ksi 


a epee (6 eee = : 
= ],3(90) 0.75(48) (1 19) 76. 63 ksi < 90 ksi 


OR, = OF As = 0.75(76.63)(0.6013) = 34.6 kips/bolt > 29.1 kips/bolt (OK) 


Bolts are adequate 


(b) ASD solution 
Pa = D+L = 110 kips 
Vertical component of load = 2(1 10) = 66 kips 
Horizontal component of load = 41 10) = 88 kips 


Shear load per bolt = 66/10 = 6. 6 kips 
Shear strength: A, = md?/4 = (7/8)*/4 = 0.6013 in.? 


[8-15] 


Assume that threads are in the plane of shear. 


Ry = Fmde = ABO.GNS) = 14.4 kipsibolt > 6.6 kips (OK) 


Tension: Direct tensile load per bolt = 88/10 = 8. 8 kips 
S$” Mya = 2r(3 +6) x 2 = 36r, 
M, = Pe = 66(6) = 396 in.-kips 

From 36r, = 396, r; = 11 kips 

Total tensile load per bolt = 8.8 +11 = 19. 8 kips 


OF 6 < Fy, fy = ~O8— = 10. 98 ksi 


bd eee 
Pa = 1.32 ae ~ 0.6013 


=3(00)= 2,090 (10.98) = 75, 83 ksi < 90 ksi 


The allowable tensile strength is 


Ql tg oo ie 8 kips> 19.8 kips (OK) 


Bolts are adequate 


8.3-6 


Py, = 1.2D+ 1.6L = 1,2(15) + 1.6(45) = 90.0 kips 
Vertical component of load = Fe (90) = 80. 50 kips 


Horizontal component of load = Fe (90) = 40, 25 kips 


Direct tensile load per bolt = 40.25/6 = 6. 708 kips. Determine location of centroid of bolt 
areas (neutral axis), measured from top bolts. 


ee 20) 420) ) = 4,0 in. 


> Mya = 2ru(5+1+4) = 20ry 

M, = 80.5(6) + 40.25(3 + 4) = 764. 8 in.-kips 
From 20r; = 764.8, r, = 38.24 kips 
Total tensile load per bolt = 6.708 + 38.24 = 45.0 kips 
Shear/bearing load per bolt = 80.5/6 = 13. 42 kips 

Ay = n@@/4 = x(1.0)7/4 = 0.7854 in.? 


Fi, = 1.3F m= ve Mf, < Fy fo = PEAR = 17. 09 ksi 
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81300) = 2.0ne (17.09) = 52. 91 ksi < 90 ksi ksi < 90 ksi ksi 


Ry = OF ',Ap = 0.75(52.91)(0.7854) = 31.2 kips/bolt <45.0 kips/bolt — (N.G.) 


Bolts are not adequate 


Note that, for this location of the neutral axis, LF + 0. Alternative solutions that do not 
violate equilibrium include the following: 


1. Use the same method for finding r, but place the neutral axis at the second line of bolts. 
This makes 2F = 0. 


2. Use the method of Case I in Part 7 of the Manual. 


8.3-7 

. Oe ae eee CR Oe 
Nominal bearing strength: h = a 6 6 
For edge bolts, LZ, = Le- 4 = 1.5- ie = 1, 094 in. 


For other bolts, L- = s—A = 3 ~ 13/16 = 2. 188 in. 
Check strength with Z, = 1.094 in. (the angle controls) 

Ry = 1.2LetFy, = 1.2(1.094)(5/16)(58) = 23. 79 kips 

2.4dtF,, = 2.4(3/4)(5/16)(58) = 32. 63 kips 

“. use R, = 23.79 kips/bolt 

Shear strength: Ay = 2d7/4 = 2(3/4)7/4 = 0.4418 in.? 
Assume that threads are in the plane of shear. 

Rn = FryAg = 48(0.4418) = 21. 21 kips/bolt 
Slip-critical strength: 

Rn = BDuhseTyNs = 0.35(1.13)01.0)(28)C1) = 11. 07 kips/bolt 
(a) LRFD solution 
Shear/bearing load per bolt = R,/10 = 0.1R, 
Bearing:  @R, = 0.75(23.79) = 17. 84 kips 
Shear: @R, = 0.75(21.21) = 15.91 kips 
Slip: Ry = 1.00(11.07) = 11. 07 kips 


Slip is more critical than bearing or shear, and in this type of connection, the tensile force 
does not reduce the slip-critical strength. Let 


0.1R,= 11.07, Ry = 111 kips 
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Tension: 
> Mya = 2r(3 + 6) x 2 = 36r; 
M, = Pye = 2.25R, 
From 36r, = 2.25R,, r, = 0.0625R, 


Interaction of tension and shear is not a consideration with slip-critical bolts. The design 
tensile strength per bolt is 


OR, = OF Ay = 0.75(90)(0.4418) = 29. 82 kips 
Let 0.0625R,y = 29.82, x = 477 kips 
The reaction capacity is therefore based on the slip-critical strength. R, = 111 kips 
(b) ASD solution 
Shear/bearing load per bolt = R,/10 = 0.1R, 


Bearing: Ry _ 23.79 _ 11. 90 kips 


O ~ 2:00 
: Ris a 21D 
Shear: QO = 760 10. 61 kips 
4 oR 07 : 
Slip: oO = 7136 = 7.380 kips 


Slip is more critical than bearing or shear, and in this type of connection, the tensile force 
does not reduce the slip-critical strength. Let 


0.1Rg = 7.380, R, = 73.8 kips 
Tension: 

>) Mna = 2r(3 +6) x2 = 36r; 

Ma = Pae = 2.25Ra 
From 367; = 2.25Ra, r,; = 0.0625R, 


Interaction of tension and shear is not a consideration with slip-critical bolts. The allowable 
tensile strength per bolt is 


Rn _ FnAy _ 90(0.4418) _ 
ao 500 19. 88 kips 


or 
Let 0.0625R, = 19.88, Rq = 318 kips 


The reaction capacity is therefore based on the slip-critical strength. R, = 73.8 kips 


8.3-8 
LRED solution 
Pix = 1.2D4+ 1.6L = 1.2(0.30 x 47) + 1.6(0.70 x 47) = 69. 56 kips 
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Py = 1.2D+ 1.6L = 1.2(0.30 x 60) + 1.6(0.70 x 60) = 88. 8 kips 


Assume that tension controls. Select bolt size based on tension, then check the other limit 
states. 


Direct tension = 84.38 = 6, 956 kips/bolt 


3) Mya = 27:(7+3.5)x2= 427, My, = 69.56(9) + 88.8(8) = 1336 in.-kips 
From 427, = 1336, r; = 31.81 kips 
Total tensile load per bolt = 6.956 + 31.81 = 38. 77 kips. Let 


A 


= BR. BRT. «. a 
Ay = REE wm ey 0.5744 in. 


Required diameter = d, = | aAe = OSs = 0.8552 in. 


Try +-in. diameter bolts, with A, = 1(7/8)?/4 = 0.6013 in.? 


bFy = 38,77 


Slip-critical strength will control over shear. In this type of connection, the tensile force does 
not normally reduce the slip-critical strength, but since there is a direct tension component, 
apply the reduction factor. 


Rn = UDyMsc TN; = 0.35(1.13)(1.0)(39)(1) = 15. 42 kips/bolt 
@R, = 1,0(15.42) = 15. 42 kips/bolt 


a, eee ees ee 69.56 = 
heal pa GO) 


k,(15.42) = 0.8422(15.42) = 13.0 kips/bolt > 8.88 kips/bolt (OK) 


Check bearing (flange of WT controls). 2 = t + + = 42 in. 


For the holes nearest the edge, Z, = Le — te eae 


2 2 
OR, = O(1.2LetFy) = 0.75(1.2)(1.531)(0.590)(65) = 52. 8 kips > 8.88 kips (OK) 
$(2.4dtF,) = 0.75(2.4)(7/8)(0. 590)(65) = 60. 4 kips/bolt > 50.7 kips 


For the other holes, L, = s—A = 3.5~ 15/16 = 2. 56 in. Since this is larger than L, for the 
edge bolts, no further check is necessary. 


Use +-inch diameter bolts 
8.3-9 
(a) Factored load: Neglect the beam weight initially, and account for it later. 


Wy, = 1.2wp + 1.6w, = 1.6(4) = 6. 4 kips/ft 
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M, = -wyL? = 4(6.4)(30)? = 720 ft-kips 


From the Z, table, Try a W24 x 76: 
61M, = 6,M, = 750 ft-kips > 720 ft-kips (OK) 
Check beam weight: w, = 1.2wp + 1.6w, = 1.2(0.076) + 1.6(4) = 6. 491 kips/ft 


My = +wul? = £(6.491)(30)? = 730 fi-kips < 750 fi-kips (OK) 
_ 6.491(30) 
2 


From the Z, table, $Y, = 316 kips > 97.4 kips (OK) 


Shear: Vi, = 97.4 kips 


Use a W24 x 76 
(b) Use A325-N bearing type bolts. 
For the beam-to-angle bolts, design for shear, then check bearing. Try +-in. diameter bolts. 
Ay = nd?/4 = 2(3/4)7/4 = 0.4418 in.? 
ORy = OF wAy = 0.75(48)(0.4418) x 2 shear planes = 31.81 kips/bolt 
Let 31.81N, = V,,: 31.81N, = 97.4 = Nz = 3.06 
Try 4 bolts in beam-to-angle connection and 8 bolts in angle-to-column connection. 
Use a minimum spacing of 3d = 3(3/4) = 2. 25 in. 
Minimum edge distance ftom AISC Table J3.4 = 1+; in. 
Try s=3 in. and Z,=14+ in. Total length of angles = 3(3) + 2(1.5) = 12 in. 


ing: Me ree ee gene aera eee 
Bearing: Check angles first: A = d+ i¢ 747+ 16 0.8125 in. 
For edge bolt, Z, = Le - £ =].5- 9.8)25. = 1, 094 in, 


OR, = O(1.2LtF,) = 0.75(1.2)(1.094) (58) = 57. 11t 
(2.4dtF,) = 0.75(2.4)(3/4)1(58) = 78. 3¢> 57. 11e 
“. use @R, = 57. 11t kips/bolt 
For other bolts, L, = s—~h = 3 ~-0.8125 = 2. 188 in. 
Ry = O(1L.2L-tF,) = 0.75(1.2)(2. 188)4(58) = 114. 2¢ 
o(2.4dtF,,) = 78. 3¢ < 114.26. use OR,» = 78. 3¢ kips/bolt 
Total bearing strength (per angle leg) = 57.11¢+ 3(78.32) = 292. 0 
For two angles, 292.0f x 2 = 584.0¢ 
Let 584.0¢ = V, = 97.4 = t = 0.167 in. 
Check beam web. fy = 0.440 in. There are no edge bolts. For the other bolts, 
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@Ry = O(1.2LetF,) = 0.75(1.2)(2. 188)(0.440)(65) = 56. 32 kips/bolt 
$(2.4dtF,,) = 0.75(2.4)(3/4)(0.440)(65) = 38. 61 kips/bolt < 56,32 kips/bolt 
“use OR, = 38.61 kips/bolt 
Total bearing strength = 4(38.61) = 154.4 kips>97.4kips (OK) 


Bearing on column flange OK (column flange is thicker than beam flange, and there are 
twice as many bolts). 


Try 2L4x 4x 4+ (+ in.> 0.167 in. required) 


Assume a +-in. setback and the usual gage distance. 


Ce Oe 


42.58 2.5%[- 


Beam connection Column connection 


Shear yield strength of angles (AISC J4.2): 
OR, = $(0.60AgF,) x 2 = 1.0(0.60)(12 x +)(36) x 2 
= 130kips>97.4kips (OK) 
Shear rupture strength of angle (AISC J4.2): 


Use hole diameter = + + 7 = 0.875 in. 


Am = 2% (12-4x 0.875)(4) = 4,25 in.? 
ORn = 0(0.60AmFu) = 0.75(0.60)(4.25)(58) = 111 kips > 97.4 kips (OK) 
Block shear strength of angles: 


Shear areas: Ag = 40.5) x2 = 5,25 in. ? 
Am = 40.5 —3,5(0.875)] x2 = 3.719 in. 2 


Tension area: = Am = rae ~ 0.5(0.875)] x2 = 0.5313 in, 2 
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Ry = 0.6F Am + UssF An 
= 0.6(58)(3. 719) + 1.0(58)(0. 5313) = 160. 2 kips 
with an upper limit of 
0.6F YA gy + UssFuAm = 0.6(36)(5.25) + 1.0(58)(0.5313) = 144. 2 kips 
@Ry = 0.75(144.2) = 108 kips > 97.4 kips (OK) 
Use 2L4 x 4 x> as shown, with 
four 4-in, diameter A325 bearing-type bolts in the beam web, and 


eight +-in. diameter A325 bearing-type bolts in the column flange 


(c) Check the beam-to-angle connection (shear only), accounting for eccentricity. The direct 
shear component is 


Do = Fe = S14 = 24, 35 kips 


Eccentric shear component: 
M = V,e = 97.4(2.5) = 243, 5 in.-kips 
Di(x? + y*) = 2(4.5)? + 201.5)? = 45 in.? 
Upper right bolt is critical: 


” M _ 243.5(4.5) _ ’ 
Pm = Sey ame | 24. 35 kips 


P= {Oups) + (Xipy)’ = (24.35)? + (24.35)? = 34. 4 kips 
OR, = OF wAy = 0.75(48)(0.4418) x 2 shear planes 
= 31.8 kips/bolt < 34.4 kips/bolt (N.G,) 
Try 5 bolts in the beam-to-angle connection and 10 bolts in the angle-to-column connection. 


Check for eccentricity: 


Direct shear component: p.y = Vit 274 = 19, 48 kips 
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Eccentric shear component: 
M = Vy,e = 97.4(2.5) = 243.5 in.-kips 
Si(x? +y*) = 2(6)? +2(3)? = 90 in? 
Upper right bolt is critical: 


a Wy = 243.56) - 6 93 
Pre” De +7) 90 aici 


p= (Spx) + ip»)? = (16.23)? + (19.48)? = 25.4 kips < 31.8 kips (OK) 


Check the angle-to-column connection, accounting for eccentricity (tension): 


>) Mya = 27:(6+3 4346) = 36r 
M, = 97.4(2.5) = 243. 5 in.-kips 
From 36r; = 243.5, r; = 6.76 kips 


_ 974/10 _ 
f= Seay = 22. 05 ksi 
2134 af ae 
as fees, || eee a ‘ : 
1,3(90) ~ 5-720;g (22.05) = 61. 88 ksi < 90 ksi 


oRn = OF Ay = 0.75(61.88)(0.4418) = 20. 5 kips/bolt > 6.76 kips/bolt | (OK) 
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Use 2L4 x 4 x4 as shown, with 
five 4 in. diameter A325 bearing-type bolts in the beam web, and 


ten + in. diameter A325 bearing-type bolts in the column flange 


(d) 


Beam connection Column connection 


8.3-10 


(a) Neglect the beam weight initially, and account for it later. 


Wa = 4 kips/ft 

M; = dwel? = 4(4)(30) = 450 ft-kips 
From the Z, table, Try a W24 x 76: 

Mn Mp 


Gp = Gy = 499 fi-kips > 450 fi-kips (OK) 


Check beam weight: wz = wo+wz = 0.07644 = 4. 076 kips/ft 


Ma = fwal? = + (4.076)(30)? = 459 ft-kips < 499 ft-kips (OK) 


Shear: Va = ae = 61.14 kips 


From the Z, table, 4% = 210 kips > 61.14 kips (OK) 
¥v 


(b) Use A325-N bearing type bolts. 


[8-24] 


For the beam-to-angle bolts, design for shear, then check bearing. Try 3-in. diameter bolts. 
Ay = ma2l4 = 2(3/4)7/4 = 0.441 8 in.? 


Re 1 Pen Ones ss 
oo FyAs = +00 (48)(0.4418) x 2 shear planes = 21.21 kips/bolt 


Let 21.21N, = Va : 21.31N, = 61.14 = Np = 2.87 

Try 4 bolts in beam-to-angle connection and 8 bolts in angle-to-column connection. 
Use a minimum spacing of 3d = 3(3/4) = 2. 25 in. 

Minimum edge distance from AISC Table J3.4 = 1+ in. 

Try s=3 in. and ZL. = 1+ in. Total length of angles = 3(3) +2(1.5) = 12 in. 


ing: ae em ml. ego oaks = 
Bearing: Check angles first: 4 = d+ ‘eat ae 0.8125 in. 


For edge bolt, L, = L.-# = 1,5- 28125 = 1, 094 in. 


Rn. 11,20 ,tF,) = =be(1.2)(1.094)1(58) = 38. 071 


Q Q 2.00 
ae pape) ines = 

O (2.4diF,) +00 (2.4)(3/4)H{(58) = 52. 2t > 38.07t 
So llse = 38.07¢ kips/bolt 


For other bolts, L. = s-h = 3-—0.8125 = 2. 188 in. 


Ee pa an = 
Ce = Gy (l. Leth) = gg (1-202. 188)H(58) = 76. 144 
Ry 


J O.4dtFy) = 52,21 < 76. 14f “, use St = $2.2r kips/bolt 
Total bearing strength (per angle leg) = 38.07f+ 3(52.21) = 194. 7¢ 
For two angles, 194.2 x 2 = 388. 4 
Let 388.4¢ = V, = 61.14 = f= 0.157 in. 
Check beam web. ty = 0.440 in. There are no edge bolts. For the other bolts, 


Ro 2 LE (1.2betFu) = sho (1.2)(2. 188)(0.440)(65) = 37. 55 kips/bolt 


Ke) 2.00 
4 2.4atF,) = ay (2-4)(3/4)(0.440)(65) = 25.74 kips/bolt < 37.55 kips/bolt 
suse Be = 25.74 kips/bolt 


Total bearing strength = 4(25.74) = 103 kips>61.14kips (OK) 


Bearing on column flange OK (column flange is thicker than beam flange, and there are 
twice as many bolts). 


Try 2L4x4x 4 (+ in.> 0.157 in, required ) 
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Assume a +-in. setback and the usual gage distance. 


3 @ 3" 


1.5" 


Beam connection Column connection 


Shear yield strength of angles (AISC J4.2): 


Rn 
Q 


= J (0.604,F,) rye =be (0.60)(12 x £)(36) x 2 
= 86.4kips>61.14kips (OK) 
Shear rupture strength of angle (AISC J4.2): 


Use hole diameter = 3 + 4 = 0.875 in. 


Bin SONG ike 0.875)(1) = 4,25 in? 


i. = 0.604 Fu) = =e (0.60)(4.25)(58) = 111 kips > 61.14 kips (OK) 


Block shear strength of angles: 
Shear areas: Agy = (10.5) x2 = 5,25 in. ? 
Am = 410.5 ~ 3,5(0.875)] x2 = 3.719 in. 2 
Tension area: Ay = +(1.5 ~ 0.5(0.875)] x 2 = 0.5313 in. 2 
Rn = 0.6F Any + UnsFuA nt 
= 0.6(58)(3.719) + 1.0(58)(0. 5313) = 160. 2 kips 


with an upper limit of 


0.6F YA gy + UnsFuAn = 0.6(36)(5.25) + 1.0(58)(0.5313) = 144. 2 kips 


ie oa 
Q 2.00 


(144.2) = 72. Lkips> 61.14kips (OK) 


Use 2L4 x 4 xt as shown, with 
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four in. diameter A325 bearing-type bolts in the beam web, and 


eight 3.-in. diameter A325 bearing-type bolts in the column flange 


(c) Check the beam-to-angle connection (shear only), accounting for eccentricity. The direct 
shear component is 


Eccentric shear component: 
M = V,e = 61.14(2.5) = 152. 9 in.-kips 
Six? +y?) = 2(4.5)? + 2(1.5)? = 45 in? 
Upper right bolt is critical: 


_ My | :152.9(4.5) _ 
Px = Fes) ey” 45 = 15.29 kips 


p= (Spx)? + ip»)? = {5.297 + (15.29)? = 21.6 kips 


ie 2s 4 FAs = sop (48)(0.4418) x 2 shear planes 


= 21.2 kips/bolt < 21.6 kips/bolt (N.G.) 
Try 5 bolts in the beam-to-angle connection and 10 bolts in the angle-to-column connection. 
Check for eccentricity: 


Direct shear component: p, = Vee OLN oe, 12. 23 kips 
Pp Poy 5 5 p 


Eccentric shear component: 


[8-27] 


M = Vie = 61.14(2.5) = 152. 9 in-kips 
(x? + y*) = 2(6)? + 2(3)? = 90 in? 
Upper right bolt is critical: 


ae ly, 152.9.5(6) 
Pm = wey $y?) = 90 = 5, 097 kips 


p= fpr) + py)” = {5.0977 + 12.23)? = 13.25 kips < 21.2 kips (OK) 
Check the angle-to-column connection, accounting for eccentricity (tension): 
> Mya = 2r(6+3+346) = 36r, 
Ma = 61.14(2.5) = 152. 9 in.-kips 
From 36r, = 152.9, r; = 4.25 kips 


_ 61.14/10 _ 
te = “0.4418 = 13. 84 ksi 


ees ee Soa f, room 
wv 


= 1.3190) ~ 2.00680) 


fo = A pg, = lL (65,1)(0.4418) = 14.4 kips/bolt > 4.25 kips/bolt 
oueare) 2.00 


(13.84) = 65. 1 ksi < 90 ksi 


(OK) 
Use 2L4 x 4 x4 a shown, with 


five 2 in. diameter A325 bearing-type bolts in the beam web, and 


ten + in. diameter A325 bearing-type bolts in the column flange 
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(d) 


Beam connection Column connection 


8.4-1 


Direct shearing stress: fly = 7 2 3 = 0.6 kips/in. | 


Shearing stress caused by moment: Locate centroid with respect to upper left comer. 


z= 202) = 1.633 in, p= AD = 2.133 in 


M = Pe = 9(15 — 1.633) = 120. 3 in.-kips ~ 


3 
a eo + 8(4 ~ 2.133)? + 7(2.133)? = 102.4 in, 4 


3 
1, = 8(1.633)? + 2 + 7(3.5 - 1.633)? = 74. 32 in. * 


J=1,+I, = 102.4 + 74.32 = 176.7 in. 


Lower left corner: 


fgccs BEE cs, SAU BENS) oe 15452 Kiplin 


J 176.7 
fy = Me 120.307 2) = 3, 654 kips/in. | 


f= dif) + (ah)? = C452)? + (0.6 + 3.654)? = 4.50 kips/in. 


fy = 4.50 kips/in. 


et ees eng nna terete Nn erent TEA LIL tT 
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8.4-2 


. ; : ee, ae 

Direct shearing stress: fi, 54345 1. 154 kips/in. | 

Shearing stress caused by moment: Locate centroid with respect to lower left corner. 
Zs See A 21/903 in; pw DALE 30S) 2308.) = 7, 038 in, 


M = Pe = 15(12 ~ 1.923) = 151.2 in.-kips n 


3 
—_ sere + 3(10. 5 — 7.038)? + 5(7.038)? + 5(12 ~ 7.038)? = 409, 0 in. 4 


3 
I, = 3(1.923)2 + 2{ GY + 5(2.5 - 1.923)? | =35964in.* 


J=I1,+], = 409.0 + 35.26 = 444.3 in. 4 


Lower right corner: 


Fe oe ag ELE RR ee 


J 444.3 
fy = Mit = DEAS = 1.923) ~ 1. 047 kipsiin. | 


= ff) + (hy) = f(2°395)? +. 154 + 1.047)? = 3. 25 kips/in. 


Jy = 3.25 kips/in, 


P, = 75cos75° = 19.41 kips — Py = 75sin75° = 72.44 kips | 
fix = ft = 1.078 kipsiin.— fy = 12.14 = 4.024 kips/in. | 


Shearing stress caused by moment: Locate centroid with respect to lower left corner. 


_ 9(4.5) + 3(1.5) + 307.5) +30) eee 
ee 302) + 317) + 3(10.5) =§ Sin, 
M = 19.41(12 ~ 5.75) + 72.44(6 + 5.25) = 936.3 in.-kips A 
= 9(5,75)? + 3(12 ~ 5.75)? x2 + Cy #312515 25.745)? = 601.9% 4 


- & +9(0.75)? + a +3(3.75)2 + Gr + 3(2.25)? + 303.75) 


= 169. 9 in. 4 
J=1,+I1, = 601.9 + 169.9 = 771. 8 in. 4 


[8-30] 


Stress at upper left: 


Six = % = 23000 2) = 7, 582 kips/in. — 
fy = Mi = ns 6. 369 kips/in. | 
A, OLE) (1.078 + 7.582)? + (4.024 + 6.369)? 
= 13.5 kips/in. Jy = 13.5 kips/in. 
8.4-4 
LRED solution: 


P, = 1.2D+ 1.6L = 1.2(2.5) + 1.6(7.5) = 15.0 kips 


Load on one angle = 43 = 7,5 kips, = AG = 0.5 kips/in. | 


Shearing stress caused by moment: Locate centroid with respect to right side of weld. 


gue SES) x2 
ee 


M = 7.5(17 — 1.667) = 115. 0 in.-kips A 


= |, 667 in. 


3 
Red ee + 2(5)(2, 5)? = 72. 92 in. 4 
3 3 
i= 5(1.667)? +2] (08D, C225) | = 41.67 in. 4 


J=I1,+I, = 72.92 + 41.67 = 114.6 in. 4 


Stress at upper left: 
_ My _ 115(2.5) _ pee 
ee ae = 2. 509 kips/in. 
fy = Me aay = 3,345 kips/in. | 
= (Ooh) + (4 (2.509)? + (0.5 + 3.345)" = 4.59 kips/in. 
Weld strength is 


@Rn = $[0.707w(0.6)F exx] = 0.75(0.707)(3/16)(0.6)(70) = 4. 18 kips/in. 
(Alternate: @R, = 1.392 x 3 sixteenths = 4.18 kips/in.) 
Since 4.59 kips/in. > 4.18 kips/in., weld is not adequate. 
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§.4-5 


Locate centroid with respect to left side. 


- _ 6(4 = pis) 


x = 4, 667 in. 


re sy 466) 9450.0 te 
ly = 6(4.667) +2{ OF (6)” . 6(7 ~ 4.667)? | = 232.0 in. 4 


J=1,+1, = 450 +232 = 682 in. 4 
(a) LRFD solution 
Py = 1.2D+1.6Z = 1.2(10) + 1.6(10) = 28.0 kips 
Py = 28sin30° = 14. 00 kips + Puy = 28co0s30° = 24.25 kips | 


Fe +e = 0.7778kips/in. > fly = Br =e 


Shearing stress caused by moment: 
M = 14(6) + 24.25(10 + 12 — 4.667) = 504, 3 in.-kips n 
Stress at upper right: 


fe My = eee = 4. 437 kips/in. > 


pox Me _ 504.3 Oe 4.667). _ 3 943 kips/in. | 


= {OLA + (CA)? = (0.7778 + 4.437) + (1.347 4 3.94392 


= 7, 428 kips/in. 


Required weld size = 1548. 428. = 5. 34 sixteenths. 


Fort = 1/2 in., min, w = 3/16 in. and max w = 1/2 — 1/16 = 7/16 in. 


Use a 3-in. fillet weld. 


(b) ASD solution 
Pg = D+L=10+10 = 20kips 
Pa, = 20sin30° = 10 kips > Pay = 20cos30° = 17,32 kips | 


fix = To = 0.5556 kips/in. fy = 17-32 = 0.9622 kipsfin. | 


Shearing stress caused by moment: 
M = 10(6) + 17.32(10 + 12 — 4.667) = 360. 2 in.-kips rv 
Stress at upper right: 
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_ My _ 360.2(6) _ ia! ox 
Sox = f= ear 3. 169 kips/in. 


fry = Me = 300.208 4.687). 9. 817 kips/in. | 


= {Of + (LAY = (0.5556 + 3.169)? + (0.9622 + 2. 817)? = 5, 306 kips/in. 


: ti oe oe DUO 2s: : 
Required weld size = 65979 5.72 sixteenths. 


For f = 1/2 in., min. w = 3/16 in. and max w = 1/2 ~ 1/16 = 7/16 in. 


Usea z «in. fillet weld. 


8.4-6 

LRFD solution 
D+L=D+2D=20 3 £D=6.667kips, L = 13.33 kips 
P, = 1.2D + 1.6L = 1.2(6.667) + 1.6(13.33) = 29. 33 kips 
fy = 22,34 = 5, 866 kips/in. | 


Shearing stress caused by moment: Locate centroid with respect to lower right. 


~_ 30.5)4+201) _ ‘ 3(6) _ 
i= ey) = 1.3in, Va 3. 6 in. 


M = 29,33(2 + 1.3) = 96. 79 in.-kips n 
= 3(6— 3.6)? + 2(3.6)? = 43. 2 in. 4 


pe Gy +3(1.5-1.3)24 ay +2(0.3)? = 3.217 in. 4 


ae = 43.2+3.217 = 46. 42 in. * 


Stress at upper right: 
fo My = 26.79(3.6) _ eo 6) 7,506 kips/in. > 
fy = Wt = 26 PO = 2.711 kips/in. | 


= [(f)? + Oh)” = {7-506}? + 6.866 + 2.711)? = 11. 4 kipssin. 
Weld strength: @Ry = 1.392 x 8 sixteenths = 11.1 kips/in.< 11.4 kips/in. — (N.G.) 
Weld is not adequate. 
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8.4-7 


If eccentricity is not considered, fiy = eI = 14.0 kips/in. — 


Load when eccentricity is considered: 


3 
Ty = 2(A)(1.5)2 = 18.0in.4, I, = 2f | = 10.67 in, 4 


J = I, +I, = 18.0+ 10.67 = 28. 67 in. 4 
e= 1.5~0.884 = 0.616 in. 
M = Pe = 112(0.616) = 68. 99 in.-kips 
Stress at upper right: 
_ My _ 68.99(1.5) 


Sox = ‘i BEF CUT 610 kips/in.— 
_ Mx _ 68.99(2) _ i 
Sy = y oR 67 4. 813 kips/in. | 


fo = {CA + (SHY = (04.04 5.610)? + (4.813)? = 18. 26 kips/in. 


Load caused by eccentricity = 18.26 - 14.0 = 4. 26 kips/in. 
Jv = 4.26 kips/in. 
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8.4-8 


ee , ee tere soe 
If eccentricity is not considered, fix 16) +7 7. 895 kips/in. — 


on 


Load when eccentricity is considered: Locate centroid with respect to right side. 


6(3) x 2 
19 


es =1,895in, 9 =3.5in. 
3 
I, = 2(6)(3.5)? + Se = 175.6 in 
3 
i= 2| #6G2 1.895)? | +7(1.895)? = 75.79 in. 4 


J= Iptly = 175.6 +75.79 = 251.4 in. 4 
M = 150(3.5 — 2.50) = 150 in.-kips 


Stress at upper left: 
far = ME = BRYCP) ~ 2. 088 kipsiin.— 
fy= AM. et os 1 ee = 2.449 kips/in, | 


fo = H(A + (fy = (7.895 + 2.088)? + (2.449)? = 10. 28 kips/in. 


Load caused by eccentricity = 10.28 — 7.895 = 2. 39 kips/in. 
fo = 2.39 kips/in. 


8.4-9 
LRFD Solution 
Compute the tension member available strength. For the gross section: 


$:Py = 0.90F,Ag = 0.90(36)(4.38) = 141.9 kips 
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Net section: Assume that U= 0.80. Check once the connection is designed. 

Ae = AgU = 4,38(0.80) = 3, 504 in? 

b:Pn = 0.75FyAe = 0.75(58)(3.504) = 152.4 kips. Gross section controls, 
Determine weld size. Based a thickness of 3/8 inch, min. w = 3/16 in. 

max w = 3/8 — 1/16 = 5/16 in. 


To minimize the length of the connection, try 5/16 in. fillet welds. Investigate the two 


options specified in AISC J2.4(c). First, assuming the same strength for both the longitudina! 
and transverse welds, 


OR = 1.392D = 1.392(5) = 6. 96 kips/in. 


—e 141.9k 


| 
1, 4.38" 
P3 = 6(6.96) = 41. 76 kips 


Miz = 141.9(4.38) - 41.76( £) - P16) = 0 =>  P, = 82.71 kips 


DOF = 141.9-41.76-82.71-P2=0 > P,=17.43 kips 


ast pi By ede Se : : 
Ly = 606 ~ 696 11.9 in. Use 12 in. 


= AS 1 
L2 = S06 6 06 = 2.50 in. Use 2% in. 


For the second option, the strength of the longitudinal welds is 0.85(6.96) = 5. 916 kips/in. 
and the strength of the transverse weld is 1.5(6.96) = 10. 44 kips/in. 

P3 = 6(10.44) = 62. 64 kips 

> Min = 141.9(4.38) — 62. 64( )- —~P\(6)=0 =>  P, =72.27kips 


dF = 141.9 ~ 62.64 - 72.27 — P2 = 0 = Pz = 6.99 kips 


= +4:4f0 — ! 
= 516 5916 12.22 in. Use 12% in. 

ee i a j 
L2 S916 5 Oe =! 182 in. Use 1% in. 


(Min. length = 4w = 4(5/16) = 1. 25 in.) 


The total length of weld is nearly the same for both options. Try the first option and check 
the value of U. 
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U=1- ¥ = [- 4S = 0.865 >0.80 (OK) Use the weld shown. 


kl = 7in., aA 2 D 5'0.875 


x = 0.2043 (by interpolation), x! = 0.2043(8) = 1, 634 in. 
ex = 7+ 8— 1.634 = 13. 37 in. 


a=e, a= ~ 1332 - 1.671 


C = 1,006 by interpolation. 


Ifthe 9-kip load is a factored load, 


Pe: eg ay ene Leen 
@CCL ~ 0.75(1.006)(1.0)(8) 


OR, = 1.392D = 1.392(1.494) = 2. 08 kips/in. 


Din = = 1,491 


If the 9-kip load is a service load, 
QP 2.009) 


Dain = GEE = Tooe.oey 27?! 

Ra. = 0,9279D = 0.9279(2.237) = 2. 08 kipsfin. p = 2. 08 kips/in. 
ete Sere ee ge a ee ee 
8.4-11 


Consider the weld on one angle. Use Table 8-8, Angle = 0° 
kd = 5in, = #23 =1.0 


x = 0.333, xf = 0.333(5) = 1. 665 in. 
éy = 12+5- 1.665 = 15. 34 in. 
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al = ex, ar ale ak a = 
Maximum value of a in the table is 3.00. By extrapolation, 


fou (dee 3,00) = 
C= 1.124 (442-118 ) (3,068 -3.00) = 1. 096 


(a) LRFD solution 
vy = 1.2D+1.6L = 1.2(0.25 x 10) + 1.6(0.75 x 10) = 15.0 kips 


For one angle, P, = 4. = 7.5 kips 


mn @CCil ~~ -0.75(1.096)(1)(5) 


1.83 sixteenths <3 sixteenths furnished (OK) 


if 


Weld is adequate. 


(b) ASD solution 
Pz =10kips; ‘For one angle, P, = 10/2 = 5 kips 


OP, _ __2.00(5) __ 
COW ~ 1.096(1)(5) 


Dain = = 1.83 sixteenths < 3 sixteenths furnished (OK) 


Weld is adequate. 


8.4-12 


Use Table 8-4, Angle = 0° 
kt = 3in., = 4.3 20.75 
ex = 1.5-—0,.884 = 0.616 in. 
al = é,, a= OG16 - 0.616 — 9 154 
C = 3,540 by interpolation. Ifthe 112-kip load is treated as a factored load, 


Lf geen |) eee 
¢CC10 — 0.75(3.540)(1.0)(4) are 


@Ry = 1.392D = 1.392(10.55) = 14. 69 kips/in. 


Din or 
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When eccentricity is not accounted for, e, = 0, a = 0, and C = 3.71 


Sci ag a a ae TO 
Dain = FOCy = VEGI ~ 1% 


@Rn = 1.392D = 1.392(10.06) = 14.00 kips/in. 
Difference = 14.69 — 14.00 = 0.69 kips/in. (one significant figure is lost in the subtraction) 
0.69 kips/inch 


8.4-13 
(a) Py = 1.2D+1.6L = 1.2(18) + 1.6(43) = 90. 4 kips 
P., = 90.4sin 15° = 23. 40 kips — Puy = 90.4cos15° = 87.32 kips | 


fa = CCE =0.7313kips/in— fly = Te = 2.729 kips/in. | 


Shearing stress caused by moment: 
M = 87.32(2 + 2.5) — 23.40(6) = 252. 5 in.-kips nv 
3 3 
oe Mie + 2(4)(6)? = 576.0in.4, ty = 12(2)2(2) +2 = 106.7 in. 4 
J=1,+1, = 576.0 + 106.7 = 682.7 in. * 


Stress at lower right: 


far = MY = BE) 2.219 kipsiin. 
fry = Me = REID ~ 0.7397 kipsiin. | 


fo = dhe)? + (Sp)? = {0.7313 + 2.219)? + (2.729 + 0.7397)? 
= 4,554 kips/in. 


Required weld size = fs = 3.27 sixteenths. Use a %-in. fillet weld. 
(b) Use Table 8-6, Angle = 15° 


kt = 4in., Pa: pam UE 9 Saco 
6tan15° =1.608in., e, = 4 +2,5- 1.608 = 2, 892 in. 
al=e,, a= = 2892 — 0.241 


C = 4,79 by interpolation 


ne Py es 90.4 = H 3. d 
Din $C = DIRE AAD 2.10 sixteenths Use a --in. fillet weld. 
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8.4-14 
(a) Pa =D+L = 18+43 = 61 kips 
Pax = 61sin15° =15.79kips Pay = 6l1cos15° = 58.92 kips | 


eee Pe > Ee ae . 58.92 _ Beat 
Six i2 +4) 0.493 4 kips/in. Siy ~39 C= 1 841 kips/in. | 


Shearing stress caused by moment: 


M = 58.92(2 + 2.5) ~ 15.79(6) = 170. 4 in.-kips n 


3 3 
ie (2) +2(4)(6)? = 288.0in.*, J, = 12(2)2(2) + 2 = 106. 7in, 4 


J=1,+1, = 288.0+ 106.7 = 394.7 in. 4 
Stress at lower right: 


_ My _ 170.4(6) _ er ae 
fu = ‘eee ae = 2.59 kips/in. « 


fy = Mee 170.4(2 
ans | 394.7 


f= (OOK) + (LH) = [04934 42.59)? 4 (BAT + 0, 8634) 


= 4.101 kips/in, 


= 0, 8634 kips/in. | 


. eta, eNO. ; S3 
Required weld size 09976 4, 42 sixteenths. Use a +, -in. fillet weld. 


(b) Use Table 8-6, Angle = 15° 
4 wi A a a 
kd = 4 in, | ee j 3 0/3333 


6tan15° =1.608in., e, = 5 +2.5- 1.608 = 2. 892 in. 


- as, LOS ROBO De 
al = e,, a= 0 0,241 


C = 4.79 by interpolation 
QP, 2.00(61) 


Dain = Sore = = 2. 12 sixteenths Use a ~--in. fillet weld 


~ CCW ~ 4.79(1)2) patti boise ch 


8.4-15 

(a) Py = 1.2D+1.6L = 1.2(31) + 1.6(31) = 86. 8 kips 

For ¢ = 5/16 in., min. w = 3/16 in. and max w = 5/16 — 1/16 = 1/4 in. 

Use E70 fillet welds. Try w = 3/16 in., one transverse weld and two longitudinal welds. 


Investigate the two options specified in AISC J2.4(c). First, assuming the same strength for 
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both the longitudinal and transverse welds, 
oR, = 1.392D = 1.392(3) = 4. 176 kips/in. 
Base metal shear strength of the angle: 
Yielding: @R, = 6(0.6F,t) = 1.00(0.6)(36)(5/16) = 6. 75 kips/in. 
Rupture: OR, = $(0.6F yt) = 0.75(0.6)(58)(5/16) = 8. 156 kips/in. 
The weld shear strength controls. 


tad — 60.8 _. 
Total length required = 4176 20. 79 in. 


Length of longitudinal welds = 20.198 = 7.40 in; use 7% in. 

For the second option, the strength of the longitudinal welds is 0.85(4.176) = 3.550 
kips/in. 

and the strength of the transverse weld is 1.5(4.176) = 6. 264 kips/in. 


cet ts 2 86.8 — 6.264(6) _ e) . 
Length of longitudinal welds 3.550(2) 6, 93 in.; use 7 in. 


The second options requires shorter longitudinal welds: 


Use 4 -in. E70 fillet welds, across the end and 7 inches on each side 


(b) Investigate the two options specified in AISC J2.4(c). First, assuming the same strength 
for both the longitudinal and transverse welds, 


OR, = 4.176 kips/in. 


—e 868k 


Ps = 6(4.176) = 25. 06 kips 
D Min = 86.8(4.40) -25.06($.)~P(6)=0 = Py = 51.12 kips 


2 
SF = 86.8 ~25.06-51.12—P2 = > P2 = 10.62 kips 
ey ee Bs Be SGD as : var 
Ly Tite = LE 12.2 in. Use 124% in. 
ee cs UOEO2. : 
I= Five = 4176 * 2. 54 in. Use 3 in. 


For the second option, the strength of the longitudinal welds is 0,85(4.176) = 3. 550 
kips/in. 
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and the strength of the transverse weld is 1.5(4.176) = 6, 264 kips/in. 
P3 = 6(6.264) = 37. 58 kips 


TM = 86.8(4.40) - 37.58($) —P\(6)=0 =»  P; = 44,86kips 


DF = 86.8 — 37.58 — 44.86 — P2 = 0 > P72 = 4.36 kips 


gp ee he CAARG : 
Ly = TRE = FT e59 12.6 in. Use 7 in. 
= P2 = 4,36 = : yi 
In = 7 55H acryy 1.23 in. Use 1% in. Use the weld shown. 


av 1A (not to scale) 


§.4-16 
(a) Py = D+ L = 31431 = 62kips 
For f = 5/16 in., min. w = 3/16 in. and max w = 5/16 —- 1/16 = 1/4 in. 


Use E70 fillet welds. Try w = 3/16 in., one transverse weld and two longitudinal welds. 
Investigate the two options specified in AISC J2.4(c). First, assuming the same strength for 
both the longitudinal and transverse welds, 


R,/Q = 0.9279D = 0.9279(3) = 2. 784 kips/in. 
Base metal shear strength of the angle: 
Yielding: R,/Q = 0.4Fyt = 0.4(36)(5/16) = 4. 5 kips/in. 
Rupture: R,/Q = 0.3F yt = 0.3(58)(5/16) = 5. 438 kips/in. 
The weld shear strength controls. 


oe ee ee ; 
Total length required = 5 48q 22,27 iM; 


Length of longitudinal welds = ane] a8 = 8. 14 in; use 8% in. 


For the second option, the strength of the longitudinal welds is 
0.85(2.784) = 2. 366 kips/in. 
and the strength of the transverse weld is 1.5(2.784) = 4. 176 kips/in. 
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Length of longitudinal welds = EL = 7,81 in; use 8 in. 


The second options requires shorter longitudinal welds: 


Use —_-in. E70 fillet welds, across the end and 8 inches on each side 


(b) Investigate the two options specified in AISC J2.4(c). First, assuming the same strength 
for both the longitudinal and transverse welds, 


R,/Q = 2.784 kips/in. 


Ly 4.40" 


P3 = 6(2.784) = 16. 7 kips 


Min = 62(4.40)- 16.7($)-71(6)=0 9 Pi = 37.12 kips 


2 
> F = 62-16.7-37.12 —P2 = 0 => Pz = 8.18 kips 
eee 2 ee el Oe : var 
Ty Taga = 7784 13.3 in. Use 13% in. 
cy eth Dns ile . : 
In = a aF = 578d 2.94 in. Use 3 in. 


For the second option, the strength of the longitudinal welds is 
0.85(2.784) = 2. 366 kips/in. 
and the strength of the transverse weld is 1.5(2.784) = 4. 176 kips/in. 
P3 = 6(4.176) = 25. 06 kips 
YMin =.62(4.40) - 25.06($)}-Pi(6)=0 > — Pi = 32.94 kips 


2 
SF = 62 — 25.06 — 32.94- P2 = 0 => P, = 4.00 kips 
SE: Teepe: Oe ee i 
Ly = 7366 ~ 3°366 13.9 in. Use 14 in. 
<2 EE: to, SAAT, F 
[2 = 5366 * 2366 1. 69 in. Use 2 in. Use the weld shown. 
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8.4-17 
(a) P, = 1.2D4+ 1.6L = 1.2(40) + 1.6(80) = 176.0 kips 
For ¢ = 3/8 in., min. w = 3/16 in. and max w = 5/8 — 1/16 = 9/16 in. 


Use E70 fillet welds. Try w = 3/16 in., one transverse weld and two longitudinal welds. 
Investigate the two options specified in AISC J2.4(c). First, assuming the same strength for 
both the longitudinal and transverse welds, 


@Ry = 1,392D = 1,392(3) = 4. 176 kips/in. 

Base metal shear strength of the angle: 
Yielding: ¢R, = 0(0.6F yt) = 1.00(0.6)(36)(3/8) = 8. 1 kips/in. 
Rupture: @R, = $(0.6F,f) = 0.75(0.6)(58)(3/8) = 9. 788 kips/in. 


The weld shear strength controls. Total length required = is, = 42,15 in, 


= 18.6in.; use 19 in. 


Length of longitudinal welds = Aelg ae. 


For the second option, the strength of the longitudinal welds is 0.85(4.176) = 3. 550 
kips/in, 
and the strength of the transverse weld is 1.5(4.176) = 6. 264 kips/in. 


176 — 6.264(5) 
3,550(2) 


Use 3/16-in. E70 fillet welds, across the end and 19 inches on each side 


Length of longitudinal welds = = 20.4 in.; use 20% in. 


(b) 


(Not to scale) 
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ane hae ips/in. > 
fix 19) 23 4. 093 kips/in. 


Locate centroid with respect to left side. 


nae 19(9.5) x 2 _ . 
x 3(19) + 5 8. 395 in. 


I, = 19(2.5)2(2) + GY = 247.9 in. 4 
Re 2( +19(9.5 - 8.395)? ) +5(8.395)? = 1542 in. 4 


J = [y+ I, = 247.9 + 1542 = 1790 in. 4 
M = 176(2.5 — 1.47) = 181. 3 in.-kips 


Stress at upper right: 
fr B= oe = 0.2532 kips/in. > 
fiy = Mz = 181300 8.595) ~ 1,074 kipsvin. | 


= (Of) + Ch)? = (4.093 + 0.2532)? + (1.074)? = 4. 477 kips/in. 


For a 3/16-inch weld (from part a), @R, = 4. 176 kips/in. < 4.477 kips/in. (N.G.) 
Use w = 3/16 inch and balance the welds. 


Option 1: P3 = 5(4.176) = 20. 88 kips 


Mn = 176(1.47) ~ 20.88 (2) - Pa(5) = 0 = P= 41,3 kips 


SF = 176- 20.88 -41.3-P), = 90 => P, = 113.8 kips 


= Py _ 113.8 _ 1 
Ly = Tie = 4176 = = 27.3 in. Use 27% in. 
Gp EE ALS 
L2 = 4176 = Lie = 9.89 in. Use 10 in. 


Option 2: The strength of the longitudinal welds is 0.85(4.176) = 3. 550 kips/in. 
and the strength of the transverse weld is 1.5(4.176) = 6. 264 kips/in. 
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Ps = 5(6.264) = 31.32 kips 


DMri = 176(1.47) ~31.32(2)-P2(5)=0 > Pp = 36.08 kips 


S| F = 176 - 31.32 —-36.08-P; =0 > P, = 108.6 kips 


os hake «82s SPOR EG 2 : ‘ 
Ly = TE = FRR = 30.6in. Use 31 in. 
ete 608. : ins 
L2 = 3550 7 3559 = 10.2 in. Use 10% in. 
Option 1 results in a shorter connection. Use the connection shown 


(not to scale) 


3 
3173) 


Note that, if a larger weld is used, the connection will be shorter. 


Although the problem statement requires that the minimum weld size be used, as was done 
above, an alternate solution with a larger weld will be presented. 


Alternate Solution 


(a) Try a 5/16-in. fillet weld. First, assuming the same strength for both the longitudinal and 
transverse welds, 


@R, = 1.392D = 1.392(5) = 6. 96 kips/in. (controls over base metal shear strength) 


fred th wh Oo ee 
Total length required = S96 25.29 in. 


Length of longitudinal welds = ner tae = 10.2in; use 10% in. 


For the second option, the strength of the longitudinal welds is 0.85(6.96) = 5. 916 kips/in. 


and the strength of the transverse weld is 1.5(6.96) = 10. 44 kips/in. 


176 — 10.44(5) 
5,916(2) 


Use 5/16-in. E70 fillet welds, across the end and 10% inches on each side 


Length of longitudinal welds = = 10.5in.; use 10% in. 
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(b) 


176 = ey ae 
fix = 310.5) +5 = 6. 769 kips/in. 


Locate centroid with respect to left side. 


ae 10.5(5.25) x 2 = ‘ 
x 2(10.5) +5 4, 24 in. 


- 2 6)" ie a 
I, = 10.5(2.5)*(2) + a0 141, 7 in. 
3 
Ke 2( 8 2) + 10.5(5.25 - 4,24)?) + 5(4.24)? = 304.2 in, 4 


J = [y+ Ty = 141.7 + 304.2 = 445.9 in. 4 
M = 176(2.5—1.47) = 181.3 in.-kips 


Stress at upper right: 
fir = DY 2 BBE) = 1.016 kipsiin.— 
fy = 16 = 181.3(10.5 — 4.24 = 2. 545 kips/in. | 


445.9 


= J ( Yh) +(f) = (6.769 + 1.016)? + (2.545)? = 8. 19 kips/in. 


For a 5/16-inch weld (from part a), @R, = 6.96 kips/in. < 8.19 kips/in. (N.G.) 
Use w = 5/16 inch and balance the welds. 


Option 1: P3 = 5(6.96) = 34. 8 kips 


Mi = 176(1.47) - 34.8(2) —~P(5)=0 = P, =34.34kips 
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> F = 176 ~ 34.8 —34.34-P, =0 = P, = 106.9 kips 


Pen = OOD. = 5 ajar tee 15th an 


6.96 6.96 
eee BAM. Ls 
In = Sue 6 06 4.93 in. Use 5 in. 


Option 2: The strength of the longitudinal welds is 0.85(6.96) = 5. 916 kips/in. 
and the strength of the transverse weld is 1.5(6.96) = 10. 44 kips/in. 
P3; = 5(10.44) = 52.2 kips 


Mi = 176(1.47) - 52.2( + ) -P(5)=0 3 P2=25.64kips 


k= 176 — 52.2 -—25.64—P; =0 => P; = 98.16 kips 
I, = Fis, = 98.16 = 16 6 in. Use i7 in: 


5.916 5.916 
ae se nee SS ee 
l= = 9T€ 5016 4.33 in. Use 4% in. 
Option | results in a shorter connection. Use the connection shown 


(Note that, if a larger weld is used, the connection will be shorter.) 


{not to scale) 


8.4-19 
(a) Py, =1.2D+1.62 = 1.2(6) + 1.6(30) = 55. 2 kips 
For ¢ = 3/8 in., min. w = 3/16 in. and max w = 3/8 - 1/16 = 5/16 in. 


Use E70 electrodes, ultimate strength a and the tables in Part 8 of the Manual. 


For D = 3(w=3/l6in.),  Cmin = atta = REIENTOIO} = 2.73 


Try a C-shaped weld. Use Table 8-8, Angle = 30°. 
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1/2 
tan 60° 


7 9/2 7 7 
éx = 8- tan60? +kl—xl = 5,402 + kl—xl 
= 5,402 + 9k — 9x 
a= $= SANS DEA IE = 0.6002 + k-x 
Try k = 1.0 


x= 0.333, a= 0,6002+k—x = 0.6002 + 1.0 - 0.333 = 1. 267 
C =2.77>2.73 (OK) 


(This will be the shortest total length that will work for the minimum weld size.) 
Pe Geo = a) 

Volume of weld metal = 4 ( a ) (94949) = 0.4746 in. 

Try an L-shaped weld. Use table 8-10, Angle = 30°. 


é; = 8~ + kl ~ xl = 8.0 —0.5774yl + kl — xl 


yl 
tan 60° 
= 8.0 —0,5774y(9) + k(9) —x(9) = 8.0—5.197y + 9.0k — 9. 0x 


a= Se = ROWS. TTY + 9.08 — 9.0 _ 0.8889 - 0.577 4y +k -x 


Try k = 1.0. 
x= 0.250, y= 0.250 
a = 0.8889 — 0.5774(0.250) + 1.0- 0.250 = 1. 495 
C=1,38<2.73 (NG. for D =3) 


For D = 5 (maximum weld size), 


eae ae eee: haem 
nin = FD = O75. GO) ~ 7138 WG) 


This configuration will not work. 


Try two parallel welds. Use table 8-5, Angle = 30°. 
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i I. i OS Oe 4.5 
Pie gs 2) Nee 2 et E 
pw St = 52402 +4.5/k _ 5.402 +4.5/k _ 9 6997 4 5 
0 0 9 k 
Try D = 3 (Cmin = 2.73) and & = 1.0: 
Gs eee 
a = 0.6002 + +4 | 
C=2.05<2.73 (NG) 
ae a Re” > PSS 
Try D = 4, Chin ra 0-751. 0)(4)(9) 2.04 < 2.05 (OK) 
rn Be One = i 3 
Volume of weld metal = > (4 \ (94+ 9) = 0.5625 in. 
This is larger than that required for the C-shaped weld with w = * inch. 


Usea 4--in. fillet weld as shown. 


(b) This weld uses the smallest volume of weld that will work for the available length. 


8.5-1 


. 15 7 eh 
Direct shear: fy = a7 + Toy (2+ 10) 0.625 kips/in. 


Tension: Locate neutral axis with respect to top. 


ee He = 4.167in., M=15(4) = 60.0 in.-kips 


3 
ee 2 Oe + 10(5 — 4.167)? + 2(4, 167) | = 250.0 in.! 
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f= Me = OUTED — 1.0 kipsiin, 


250 
fe= {fi tf = f(0.625)? + (1.0)? = 1. 18 kips/in. fr = 1.18 kips/in. 
8.5-2 
, : - 15 - Ses ya 
Direct shear: fy B74 60) 0.75 kips/in. 


Tension: Locate neutral axis with respect to bottom. 


p= 84 2012) +20)@) 3.6in, M-= 15(3) = 45.0 in.-kips 


r= 8(6-3.6) +2] Q)" 45 - 3,6) } +2 | Se +2(2.6)2 +2(3. 6) | 
= 135, 5 in 


= Me _ 45(6-3.6) _ inshi 
fre SGP = Ae = 0.797 kipsiin. 


= [f+fP = {(0.75)? + (0.797)? = 1.09 kips/in. fr = 1.09 kips/in. 
8.5-3 
Maximum weld size is w = 5/8 — 1/16 = 9/16 in 
(a) LRFD solution 
Weld strength: @R, = 1.392D = 1.392(9) = 12. 53 kips/in. 
Base metal shear strength of the W14 x 48: 
Yielding: @Ry = 6(0.6F yt) = 1.00(0.6)(50)(0.595) = 17. 85 kips/in. 
Rupture: $2, = $(0.6F yf) = 0.75(0.6)(65)(0.595) = 17. 40 kips/in. 
Base meta! shear strength of the L6 x 6 x 5/8: 
Yielding: @R,» = 0(0.6F,f) = 1.00(0.6)(36)(5/8) = 13. 50 kips/in. 
Rupture: @R, = 0(0.6Ft) = 0.75(0.6)(58)(5/8) = 16.31 kips/in. 
The weld shear pie ae OR», = 12.53 kips/in. 


Direct shear; fy, = ~=— Ry kips/in 


ey 7 7 
Tension: M = 4R, 


3 
t= GQ xr=36.0int, f= Me - $C) LR, kips/in, 
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=f ped ee Ri \* 29: ‘nahi 

f= vith = (42) +( 3 ) = 0,343 6R, kips/in. 

From 0.3436R, = 12.53, R, = 36.5 kips 
(b) ASD solution 


Weld strength: a = 0,9279D = 0,9279(9) = 8. 351 kips/in. 


Base metal shear strength of the W14 x 48: 
R, . 0.6Fyf — 0.6(50)(0.595) 


Yielding: cea reg Pi ag 11. 90 kips/in 
— Re. 0.6F yt _ 0.6(65)(0.595) _ soe 
Rupture: oO” 9007 > 500 = 11. 60 kips/in. 


Base metal shear strength of the L6 x 6 x 5/8: 
Rn 0.6F,t _ 0.6(36)(5/8) 


Yielding: Oo pag = eo 9.0 kips/in 
~ Rn . 0.6F yt _ 0.6(58)(5/8) _ or 
Rupture: oO. 300° +00 = 10. 88 kips/in. 
The weld shear strength c ; — = 8.351 kips/in. 
: ; lo 
Direct shear: ff = 5 : 6) 7 = iae ~~ Ra kips/in 
Tension: M=4R, 
= 1G): _ 4 Me . She) ole at 
f= 13 x2 = 36.0in."*, fi = =e 3 Ra kips/in. 
= Uf+f = |( #2 2)" 4 (4 )' = 0.343 6R, kips/in. 
From 0.3436R, = 8.351, Raq = 24. 3 kips 


8.5-4 
(a) LRFD solution 

P, = 1.2D+1.6£ = 1.2(8) + 1.6(18) = 38. 4 kips 

Pix = 38.4c0870° = 13. 13 kips, Pyy = 38.4sin70° = 36. 08 kips 
Direct shear: fy = 36.08 _ 1,503 kips/in. 


Tension: fn = oY = 0.5471 kips/in 


M = 13.13(6) + 36.08(6) = 295. 3 in.-kips, = 2 (2) = 288.0 in.! 
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_ 6.866 _ ‘ nae 
D= 1399 4. 93 sixteenths. Try w = 7 In. 


Check base metal shear (bracket plate controls) 


fy = 38,08 = 3.01 kipsiin. 


Yielding: OR, = 0.6F,f = 0.6(36)(3/8) = 8. 1 kips/in. > 3.01 kips/in. (OK) 
Rupture: OR» = 0.45F yt = 0.45(58)(3/8) = 9.79 kips/in. > 3.01 kips/in. (OK) 


Use a 7. -in. fillet weld. 


(b) ASD solution 
P,=D+L=8+ 18 = 26kips 
Py = 26cos70° = 8, 893kips, Pay = 26sin70° = 24. 43 kips 
24.43 


Direct shear; ff = (12) = |. 018 kips/in. 
Tension: ff = 3.998 = 0.3705 kips/in 


(12)? 


Beat A = in 4 
2 (2) = 288.0 in, 


M = 8.893(6) + 24.43(6) = 199.9 in-kips, [= 


fo = Me. . 199-96) _ 4. 165 kips/in. 


I 288 
f= {fh +ff = (1.018) + (0.3705 + 4.165)? = 4, 648 kips/in. 


~ 4,648 ; ee ae 
D= 0.9579 5.01 sixteenths. Try w = + in. 


Check base metal shear (bracket plate controls) 


fr= a ie = 2.04 kips/in. 
Yielding: R,/Q = 0.4Fyt = 0.4(36)(3/8) = 5. 4 kips/in. > 2.04 kips/in. (OK) 
Rupture: R,/Q = 0.3F yt = 0.3(58)(3/8) = 6. 53 kips/in. > 2.04 kips/in. (OK) 
Use a }-in. fillet weld. 
8.5.5 
(a) LRFD solution 
Weld strength:  @R, = 1.392D = 1.392(5) = 6. 96 kips/in. 


Base metal shear strength (flange of WT controls): 
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Yielding: @R,» = 0.6F yt = 0.6(50)(0.855) = 25. 65 kips/in. 
Rupture: @R, = 0.45F,t = 0.45(65)(0.855) = 25. 01 kips/in. 
The weld shear strength nce OR, = 6.96 kips/in. 


Direct shear: ff = cay = 0.03125P,, kips/in 


Tension: M= 6P, 


= sy" x2 = 682.7in4, f= Me = oe = 0.07031 P, kips/in. 
f= ffi +fe = [(0.03125P,)? + (0.07031P,)? = 0.07694P, kips/in. 
From 0.07694P, = 6.96, Py = 90.5 kips 


(b) ASD solution 


Weld strength: £2 = 0,9279D = 0,9279(5) = 4, 640 kips/in, 


Base metal shear strength (flange of WT controls): 


Yielding: 22 = 0.4F yt = 0.4(50)(0.855) = 17. 1 kips/in 
Rupture: 22 = 0,3F yt = 0.3(65)(0.855) = 16. 67 kips/in. 


The weld shear strength controls; fe = 4.640 kips/in. 


Direct shear: fy = kips/in. 


eee 
Tension: M=6P, 


= OY 9 2 682.7int, fp = Me = SPal8) _ 9 070312, kips/in, 


seta ag I 682.7 

f= {Pi +ff = [(0.03125P,)? + (0.07031P,)* = 0.07694P, kips/in. 
From 0.07694P, = 4.640, a = 60.3 kips 
8.6-1 


Nominal bolt shear strength: A, = 2d?/4 = 2(7/8)*/4 = 0.6013 in.? 
For A325-N bolts, 
Rn = FrvAs = 48(0.6013) = 28. 86 kips/bolt 
(a) LRFD solution 
ORy = 0.75(28. 86) = 21. 65 kips/bolt 
For 8 bolts, RX, = 8(21.65) = 173 kips 
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M, = 1.2Mp + 1.6Mz = 1.2(45) + 1.6(135) = 270.0 ft-kips 
H= Mu . 27002) _ igokips>173kips — (N.G.) 
d 18.0 
Bolts do not have enough shear strength. 
(b) ASD solution 


Ra . 28.86 — 14, 43 kips/bolt 


Q * “2.00 
For 8 bolts, Re = 8(14.43) = 115 kips 
ie ale = ee = 120kips>115kips (NG) 


Bolts do not have enough shear strength. 


8.6-2 

(a) Web plate: 

Check bolt shear. A, = 2d7/4 = 2(7/8)7/4 = 0.6013 in.? 

Shear capacity of one bolt is @R, = $F mA» = 0.75(48)(0.6013) = 21.65 kips/bolt 
For 4 bolts, 4(21.65) = 86.6 kips 


Check bearing on plate (plate is thinner than beam web, and F’, is smaller): 


Pras dey aos aneeea e 
=e 6. 16. 
For the hole nearest the edge, Z, = 2.25 in. 
af ied 29 96 = NOE a 
L, = Le 5 = 2.25 7 1,781 in. 


OR, = O(1.2LetFy) = 0.75(1.2)(1.781)(5/16)(58) = 29. 05 kips 
$(2.4dtF,) = 0.75(2.4)(7/8)(5/16)(58) = 28. 55 kips < 29.05 kips 
. use @R, = 28.55 kips/bolt 
For other bolts, s = 3 in. 
Le = $—h= 3-43 = 2.062 in. 
oR, = O(1.2L-tFy) = 0.75(1.2)(2.062)(5/16)(58) = 33. 64 kips 
(2.4dtF,) = 28. 55 kips < 33.64 kips .. use Ry = 28.55 kips/bolt 
For 4 bolts, 4(28.55) = 114 kips 
Check plate shear yielding strength: 
oR, = 1.00(0.60F,4z) = 1.00(0.6)(36)(13.5 x 5/16) = 91.1 kips © 
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Check shear rupture strength. Use a hole diameter of £ + 3 = | in. 


Any = (13.5-4x 1.0)( >) = 2.969 in. 2 
ORn = 9(0.60F LA ny) = 0.75(0.60)(58)(2.969) = 77.5 kips 
Check block shear. The shear areas are 


Ap = 2° (11.25) = 3,516 in? 


Aw = Be[11.25-3.5(2 +4) ] = 2.422 in? 
The tension area is An, = [2.25 -0.5(4 + 4) ] = 0.5469 in? 


Ry = 0.6F yAny + UssF yA m 
= 0.6(58)(2.422) + 1.0(58)(0.5469) = 116.0 kips 
with an upper limit of 
0.6FyAg + UssFuAn = 0.6(36)(3.516) + 1.0(58)(0.5469) = 107. 7 kips 
The nominal! block shear strength is therefore 107.7 kips. The design block shear strength is 
ORy = 0.75(107.7) = 80.8 kips 
Check connection of shear plate to column flange. 
Weld strength = 1,392 x 4 sixteenths = 5, 568 kips/in. 
For two welds, use 2(5.568) = 11.14 kips/in. 
Base metal (plate) shear strength: 
Yielding: @R, = 0.6F,t = 0.6(36)(5/16) = 6. 75 kips/in. 
Rupture: @R, = 0.45F,t = 0.45(58)(5/16) = 8. 156 kips/in. 
Plate shear yielding controls: Use @X, = 6.75 kips/in. x 13.5 in. = 91.1 kips 
Summary: 


Bolt shear strength = 86.6 kips 

Plate bearing strength = 114 kips 

Plate shear yielding strength = 91.1 kips 
Plate shear rupture strength = 77.5 kips 
Plate block shear strength = 80.8 kips 

Weld (base metal shear) strength = 91.1 kips. 


Shear rupture controls: Shear design strength = 77.5 kips 
(b) Top flange plate. 

Tension on the gross section: @:Pn = 0.90(36)(5/8 x 7) = 142 kips 

Tension on the net section: A, = (7—2 x 1.0)(5/8) = 3. 125 in.? 
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b:Pn = 0.75(58)(3.125) = 135.9 kips 
Check boli shear. From part (a), @Rn = 21. 65 kips/bolt 
For 8 bolts, 8(21.65) = 173 kips 
Check bearing. 


For the hole nearest the edge, Ze = 2.25 in. 


Le = Le~ % = 2,25 - 208 = 1,781 in 


@Ry = P(1.2LetF uy) = 0.75(1.2)(1.781)(5/8)(58) = 58. 11 kips 
$(2.4dtF,) = 0.75(2.4)(7/8)(5/8)(58) = 57. 09 kips < 58.11 kips 
“. use OR, = 57.09 kips/bolt 
For other bolts, s = 3 in. 


= — = me ae j 
Le=s~-h=3 73 2.062 in. 


ORy = O(1.2L¢tFy) = 0.75(1.2)(2.062)(5/8)(S8) = 67. 27 kips 
$(2.4dtF,,) = 57.09 kips < 67.27 kips .. use @R» = 57.09 kips/bolt 
For 8 bolts, 8(57.09) = 457 kips 
Check biock shear on the plate. 


Shear areas: 9 Agy = 3-(11.25) x2 = 14.06 in? 
Any * 2[11.25 —3.5(1.0)] x 2=9.688in.2 (3.5 hole diameters each side) 


Tension area: Ag = 2[2.5 — 1(1.0)] = 0.9375 in. ? (using 0.5+0.5 hole diameters) 


Ry = 0.6F Am + UssFyAnt 
= 0.6(58)(9.688) + 1.0(58)(0.9375) = 391.5 kips 
with an upper limit of 
0.6FyAgy + UssFuAnt = 0.6(36)(14.06) + 1.0(58)(0.9375) = 358. 1 kips 
The nominal block shear strength is therefore 358.1 kips. The design block shear strength is 
oR, = 0.75(358.1) = 269 kips 
Check block shear on the beam flange: 
Shear areas:  Agy = 0.565(11.25) x 2 = 12.71 in.? 
Am = 0.565[11.25 ~ 3.5(1.0)] x 2 = 8. 758 in. ? (3.5 hole diameters each side) 
Tension area: Ay = 0.565[2.25 — 0.5(1.0)](2) = 1. 978 in. ? 
Rn = 0.6F Any + UssFuA nt 
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= 0.6(65)(8. 758) + 1.0(65)(1.978) = 470. 1 kips 
with an upper limit of 
0. 6FYA gy + UssF yA nr = 0.6(50)(12.71) + 1.0(65)(1.978) = 509. 9 kips 
The nominal block shear strength is therefore 470.1 kips. The design block shear strength is 
oR, = 0.75(470.1) = 353 kips 


Check compression in the bottom plate. Assume that the plate acts as a fixed-end 
compression member between the end fastener and the weld. Use 


KL = 0.65(2,25 + 0.5) = 1. 788 in. 


IT, op [TOBY ; Ris 7h 
ps it = {Say 70-1804 in, A = hE = 9. 911 


From AISC J4.4, for compression elements with KZ/r < 25, the nominal strength is 
P, = FyAg 
‘ QoPn = OF yAg = 0.90(36)(7 x 5/8) = 142 kips 

Summary: 


Tension on gross section: 142 kips 

Tension on net section: 135.9 kips 

Bolt shear: 173 kips 

Bearing: 457 kips 

Block shear on flange plate: 269 kips 

Block shear on beam flange: 353 kips 
Compression on bottom flange plate: 142 kips 


Tension on net section controls. Use H = 135.9 kips and a moment arm equal to the beam 
depth (this is conservative). 


OM, = Hd = 135.9(16.1) = 2188 in.-kips = 182 ft-kips 
Check beam for the effect of bolt holes in the tension flange. The gross area of one flange is 
Ag = tebe = 0,565(7.04) = 3. 978 in.? 
ree | 


The effective hole diameter is d;, = z + he 1 in. 
Aj, = Aye — tp dn = 3.978 ~ 0.565(2 x 1) = 2. 848 in.? 
FyAp = 65(2.848) = 185. 1 kips 


Y.FyAg = 1.1(50)(3.978) = 218. 8 kips 
Since FyAp, < Y,FyA,g , the holes must be accounted for. From AISC Equation F13-1, 


M, = £v4i.5, = 185.1 (72.7) = 3383 in.-kips = 281.9 fi-kips 
ae 3.978 


$»M, = 0.90(281.9) = 254 ft-kips > 182 ft-kips $,M, = 182 fi-kips 
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(a) Web plate: The nominal! shear strength of one bolt is 
Ry = FAs = 48(0.6013) = 28. 86 kips 
and the allowable strength is 


Ryn _ 28.86 _ : 
O = 500 14, 43 kips 


For 4 bolts, Rp/Q = 4(14.43) = 57.7 kips 


Check bearing on plate (plate is thinner than beam web, and Fy, is smaller): 


h=d+ + mee eee eee 4 in. For the hole nearest the edge, 


8 16 
ey eee La 
Le = Le ie 225 5 1. 781 in. 
R, _ 1.2L,tF, — 1.20..781)(5/16)(58) _ 
ooo 700 = 19.37 kips 
2.4dtF y 


_ 2.4(7/8)(5/16)(S8) _ 
Se ge 19, 03 kips < 19.37 kips 


“. use ie = 19,03 kips/bolt 


For the other bolts, s = 3 in. 


L, =s—-h=3~- 15/16 = 2. 063 in. 


Ry _ Ae2hetFy _ 1.2(2.063)(5/16)(58) _ 
oe es ee 22. 44 kips 
2.AdtFa = 19, 03 kips < 22.44 kips 


use £2. = 19.03 kips/bolt 


For the connection, R,/Q = 4(19.03) = 76.1 kips 
Shear yielding: from AISC Equation J4-3, 
Ry = 0.60F Ay = 0.60(36)( 3 x 13.5) = 91. 13 kips 


Rn . 91.13 _ ‘ 
QO ~ 1/56 60.8 kips 


For shear rupture, the net area is 


= sAt Lak _ 2 
Am = [ 13.5 4( Dad ) |on6) 2, 969 in. 
From AISC Equation J4-4, 


Ry = 0.6F yAm = 0.6(58)(2.969) = 103. 3 kips 
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Rn _ 103.3 _ ‘ 
Q ~ 900 = 51,7 kips 


Connection to column flange: 


Shear strength of weld = 0.9279D = 0.9279(4) = 3. 712 kips/in. For two welds, use 
2(3.712) = 7. 424 kips/in. 


Base metal! shear eee 


yield strength: 70% = 0.4F,t = 0. 4(36)(4) =4 5 kips/in. 
rupture strength: he = 0.3F,f = 0. ene = 5, 438 kips/in. 
Base metal shear yield strength controls. Let 

Va —_ _, : 

a5 4.5, Vz = 60.8 kips 


Check block shear. The shear areas are 


Agy = (11.25) = 3. 516 in.? 
an ee Te Speed _ 2 9 
Aes [11.25 - 3.5(2+ Ly] 2. 422 in. 
‘ < = = 7 a = 2 
The tension area is Ay, = 76 S| 2. 25 0.5{ 8 + 3 )] 0.5469 in. 


Ry = 0.6F yAny + UasFuAnt 
= 0.6(58)(2. 422) + 1.0(58)(0. 5469) = 116.0 kips 
with an upper limit of 
0.6F yA gy + UssFuAnt = 0.6(36)(3.516) + 1.0(58)(0.5469) = 107.7 kips 
The nominal block shear strength is therefore 107.7 kips. The allowable strength is 


Rn . 107.7 
a = 5-00 = 53.9 kips 


Summary: 


Bolt shear strength = 57.7 kips 

Plate bearing strength = 76.1 kips 

Plate shear yielding strength = 60.8 kips 
Plate shear rupture strength = 51.7 kips 
Weld (base metal) strength = 60.8 kips. 
Plate block shear strength = 53.9 kips 


Shear rupture controls: Available shear strength = V4 = 51.7 kips 
(b) Flange plate: 
Bolt shear strength from part (a) is 

Bn = 14. 43 kips. For 8 bolts, Ry/Q = 8(14.43) = 115.4 kips 
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Check bearing. Bearing strength is proportional to f and Fy. For the plate, 
 tFy = (5/8)(58) = 36. 25 kips. For the W16 x 45, tp y = 0.565(65) = 36. 73 kips. The 
plate bearing strength controls. 


Eat ee ae ca TSG. 2 ; 
Ly = be- B= 2.25- 5° = 1.781 in. 
R, _ Le2LetFy . 1.2(1.781)(S/8)(58) _ 
Oo ar. 2.00 prac Ses 


. use be = 38.06 kips/bolt 


For the other bolts, s = 3 in. 
Le = 8~h=3-— 15/16 = 2. 063 in. 
Rn _ 1.2Lhethy _ 1.2(2.063)(5/8)(58) _ : 
<a © 7 00 = 44, 87 kips 


2-AdiF 38,06 kips < 44.87 kips 


“. use e = 38.06 kips/bolt 


For 8 bolts, R,/Q = 8(38.06) = 304. 5 kips 


‘ so Rn Lyfe _ 8 = p 
Tension on the gross section: —G- = —¢& wana 5 ee 94. 31 kips 


Tension on the net section: A, = 207 —~2x 1.0) = 3.125 in.? 


Rex Fudge: o S82 125). ; 
7 ees eS ae = 90. 63 kips 


Check compression in the bottom plate. Assume that the plate acts asa fixed-end 
compression member between the end fastener and the weld. Use 


KL = 0,65(2.25 +0.5) = 1.788 in. 


- [<= | 2G/8)*N2 _ Bl as A TBR sn 
r= [f= eae = 0-1804in, = AA = Qe = 9.911 


From AISC J4.4, for compression elements with KZ/r < 25, the nominal strength is 
P, = FyAg 


5 
36[ = x7 
Py dA — : € = 
re) [a Ler « 94,31 kips 


Check block shear in the plate. The shear areas are 
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Ag = 3-(11.25) x2 = 14,06 in? 


Am = 3[11.25-3.5(2+ +)] x2 = 9, 688 in? 


The tension area is A, = 3/25 ~ 1.0(2 + +)] = 0.9375 in? 


Rn = 0.6F Any + UpsFuAm 
= 0.6(58)(9, 688) + 1.0(58)(0.9375) = 391. 5 kips 
with an upper limit of 
0.6F yA gy + UssFuAny = 0.6(36)(14. 06) + 1.0(58)(0.9375) = 358. 1 kips 
The nominal block shear strength is therefore 358.1 kips. The allowable strength is 


Rio B58 2 : 
ie) = 500 = 179. 1 kips 


Check block shear in the beam flange. The shear areas are 


Ag = 0.565(11.25) x 2 = 12.71 in? 


Fines 0.565] 11.25 ~3.5(4 cs +)] x 2 = 8,758 in. 


The tension area is A,» = 0.565[ 2.25 ~ 0.5(4 + 1) | x2 = 1.978 in? 


n = 0,6F Any + UssFuAnt 
= 0.6(65)(8.758) + 1.0(65)(1.978) = 470. 1 kips 
with an upper limit of 
0.6FyAgy + UnsFuAn = 0.6(50)(12.71) + 1.0(65)(1.978) = 509. 9 kips 


The nominal block shear strength is therefore 470.1 kips. The allowable strength is 
Ra . 470.1 _ : 
O77 = 235.1 kips 


Summary: 


Bolt shear: 115.4 kips 

Bearing: 304.5 kips 

Tension on gross section: 94.31 kips 

Tension on net section: 90.63 kips 
Compression on bottom flange plate: 94.31 kips 
Block shear in flange plate: 179.1 kips 

Block shear in beam flange: 235.1 kips 


Tension on the net section controls. Use H = 90.63 kips and a moment arm equal to the 
beam depth (this is conservative). 


M, = Hd = 90.63(16.1) = 1459 in.-kips = 122 ft-kips 


Check beam for the effect of bolt holes in the tension flange. The gross area of one flange is 
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Aye = tjby = 0.565(7.04) = 3. 978 in.? 


The effective hole diameter is a, = < + 4 = | in. 


Aj = Age — td dn = 3.978 ~ 0.565(2 x 1) = 2. 848 in.? 
FyAm = 65(2.848) = 185. 1 kips 
YF yA = 1.1(50)(3.978) = 218. 8 kips 
Since F,Am < Y:FyAye , the holes must be accounted for. From AISC Equation F13-1, 


- fuAmo .. 185.1 - bs ek teats ei 
My re Sx 4 O78 (72.7) = 3383 in.-kips = 281.9 ft-kips 


ue = hl? = 169 ft-kips > 122 ft-kips_.. tension on the net section controls 


Mz = 122 ft-kips 


8.6-4 
LRFD solution 
Reaction: R, = 1.2D+ 1.6L = 1.2(8)+1.6(21) = 43. 2 kips 
Moment: M, = 1.2D+ 1.6L = 1.2(42) + 1.6(104) = 216. 8 ft-kips 
Web plate: neglect eccentricity. 
Try in. diameter bolts. Assume that threads are in the plane of shear. 
Ap = nd2/4 = (5/8)7/4 = 0.3068 in.? 
Shear capacity of one bolt is Rn = dF mAs = 0.75(48)(0.3068) = 11. 04 kips/bolt 
Number of bolts required is 


43.2. _ 
1104 3. 91 try 4 bolts 


Determine plate thickness required for bearing. Assume that 
ORn = O(2.4dtF,) = 0.75(2.4)(5/8)i(58) = 65. 254 
Load resisted by each bolt = a3 = 10.8 kips. Let 
OR, = 10.8 = 65.25¢ +» ¢=0,166in. Tryt = 7p in. 
Determine whether plate or beam web controls bearing. For the plate, 
iF, = Fe (58) = 10.9 kips/in. 
For the beam web, tyFy, = 0.300(65) = 19. 5 kips/in. > 10.9 kips/in. .. plate controls. 
5 ] ll ; 


Check bearing strength assumption. # = - ig 16 
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For the hole nearest the edge, min. L. = I+ in. Try Id in. 


be = Le- A = 1,5- AS 21. 156 in 

Ry = O(1.2L¢tFy) = 0.75(1.2)(1.156)(3/16)(58) = 11.31 kips 

$(2.4atF,) = 0.75(2.4)(5/8)(3/16)(58) = 12. 23 kips >11.31 kips 
“. use OR, = 11.31 kips/bolt 


For other bolts, min. s = 2.667(5/8) = 1. 667 in. Use s= 2+ in. 


=s-h=2.5-i1 
E,=s-h=2.$--— = 1.813 in. 


ORn = (1.2L ety) = 0.75(1.2)(1.813)(3/16)(58) = 17. 74 kips 
$(2.4dtF,) = 12.23 kips < 17.74 kips .. use Ry = 12.23 kips/bolt 
Total bearing strength = 11.31 + 3(12.23) = 48.0 kips> 43.2 kips (OK) 


Use four +-in. diameter A325 bolts . 


1%" L ails ,! 1%" 


} ' ow 
2%" 
—j- 
10%" 24" 
—}- 
2" 
1%" 
Veto 
setback 


Determine plate thickness required for shear. Shear yielding strength is 
@R»y = 1.00(0.60F,Az) 
Let 43.2 = 1.00(0.60)(36)(10.57) => ¢= 0,19] in. Tryt = 


it: . 
4 i, 


Check shear rupture strength. Use hole diameter = > + + = 3 in. 
a e ey ee in 
Any = (10.5 4x 3/4)(L) = 1.875 in. 


$Rn = $(0.60F wAny) = 0.75(0.60)(58)(1.875) = 48.9 kips > 43.2 kips (OK) 
Check block shear. 


Shear areas: Agy = 4(1.5+3x 2.5) = 49) = 2.25 in 
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tis ~ 3.5(3/4)] = 1.594 in? 


An = 
Am = 411.5 - 0.5(3/4)] = 0.2813 in? 


Tension area: 


Rn > 0.6F yA ny + UssF uA nt 
= 0,6(58)(1. 594) + 1.0(58)(0. 2813) = 71.79 kips 


with an upper limit of 
0.6F yA gy + UssFuA nt = 0.6(36)(2.25) + 1.0(58)(0.2813) = 64. 92 kips 
The nominal block shear strength is therefore 64.92 kips. The design block shear strength is 


OR, = 0.75(64.92) = 48.7 kips> 43.2 kips (OK) 
Use a PL + x 32 x 10+ as shown above. 


Connection of shear plate to column flange: Use E70 electrodes 

Minimum weld size, based on the plate thickness, is + inch. Try w = { in. 
Weld strength = 1.392 x 2 = 2. 784 kips/in. 

Base metal (plate) shear strength: 
Yielding: @R, = 0.6F,t = 0.6(36)(1/4) = 5.4 kips/in, > 2.784 kips/in. 
Rupture: @Rn = 0.45F yt = 0.45(58)(1/4) = 6. 525 kips/in, > 2.784 kips/in. 


Total length required = 43.2/2.784 = 15.5 in. 


Use a continuous + in. fillet weld, both sides of plate. 
Flange plate: From M = Hd, 


_ M _ 216.8(12) _ 

H= pn gag 147. 0 kips 
Try 4 in. diameter bolts. Assume that threads are in the plane of shear. 
Ay = n(7/8)2/4 = 0.6013 in.?, Rn = 0.75(48)(0.6013) = 21. 65 kips/bolt 


Number of bolts required for shear is 


147.0 +18 = 6, 79 try 8 bolts (4 pair) 
] if ~ 13: 1 


Determine plate thickness required for bearing: 16 


Minimum L, = 1+ in. (use). Minimum s = 2.667(7/8) = 2. 33 in., use 2+ in 


Le = Le 4 = 15-238 = 1.031 in. 


For the hole nearest the edge, 
@Rn = O(1.2LetFy) = 0.75(1.2)(1.031)4(58) = 53. 82r kips 
$(2.4dtF,) = 0,75(2.4)(7/8)(58) = 91. 35t kips > 53. 82r kips 
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“. use @R, = 53, 82¢ kips/bolt 


For other bolts, Le =s-h=2,5-— +2 = ], 563 in. 


ORn = O(1.2LetFy,) = 0.75(1.2)(1. 563)t(58) = 81. 592 kips 
o(2.4dtF,) = 91. 35¢kips > 81. 59¢kips . use @R, = 81. 59t kips/bolt 
Total bearing strength = 2(53. 82f) + 6(81. 59f) = 543. 4¢ 
Let 543. 4¢ = 147.0 = t = 0.271 in. (required for bearing) 
Design top flange plate as a tension connection element (AISC J4.2). 


Tension on gross area: 


| re ee 
0.00F, ~ 0.936) 


Required Ap = 


Tension on net area: 


eugees © mgr epee (2, aes 2 
Required A, O75, 0.75(58) aia7 2n. 


Try a plate width of wg = 7 in. 
For gross area requirement, t= Zt = 4331 = 0.648 in. 
For net area requirement, hole diameter = rs + + = | in. 


= An cad _ An = _._ 3.379 2 . 
t= We-Ldroe 7 —2(7/8 + 1/8) 0,676 in. (controls) 


Try a plate + x 7 
An = [7~2(1.0)]G/4) = 3.75 in? 


Check compression in the bottom plate. Assume that the plate acts as a fixed-end 
compression member between the end fastener and the weld. Use 


KL = 0.65(1.5+0.5) = 1.3 in. 


ey 2 ae 7(5/8)3/12 ; KE Sn TR 
r= is = Gi) = 0.1804 in., F = 01804 = 7,2] 


From AISC J4.4, for compression elements with KZ/r < 25, the nominal strength is 
Pn = FyAg 
. OPn = OF yAg = 0.90(36)(7 x 3/4) = 170 kips > 147.0 kips (OK) 


Check block shear on the plate using the dimensions and bolt layout shown. (Use the 
”’Workable Gage” from Part 1 of the Manual.) 
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2" 2" 14" 


Shear areas! Ag = 3-09) x2 = 13.5 in? 
Am = Z[9- 3.5(1.0)] x2 = 8.25in.2 (3.5 hole diameters each side) 
Tension area: = Apt = 23. §~1(1.0)] = 1.875 in.? (using 0.5 + 0.5 hole diameters) 
Ry = 0.6F A ny a7 UpsF uA nt 
= 0.6(58)(8.25) + 1.0(58)(1.875) = 395. 9 kips 
with an upper limit of 
0.6F Ag + UssFuAn = 0.6(36)(13.5) + 1.0(58)(1.875) = 400. 4 kips 
The nominal block shear strength is therefore 395.9 kips. The design block shear strength is 
@Rn = 0.75(395.9) = 297 kips > 147.0 kips (OK) 
Check block shear strength of beam flange. 


Transverse spacing = gage distance = 3.5 in. 


Transverse edge distance = 6 = 2 = 1,25 in. 


Longitudinal spacing and edge distance same as for plate. 
Shear areas: Ag = 0.425(9) x 2 = 7. 65 in? 

Amy = 0.425[9 — 3.5(1.0)] x2 = 4. 675 in? 
Tension area: Apr = 0.425[2.5—-1(1.0)] = 0.6375 in? 

Rn = 0.6F Am + UssFuAnt 

= 0,6(58)(4.675) + 1.0(58)(0.6375) = 199. 7 kips 

with an upper limit of 

0.6FyAgy + UssFuAm = 0.6(36)(7.65) + 1.0(58)(0.6375) = 202. 2 kips 
The nominal block shear strength is therefore 199.7 kips. The design block shear strength is 
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OR, = 0.75(199.7) = 149. 8 kips > 147.0kips (OK) 
Check beam for the effect of bolt holes in the tension flange. The gross area of one flange is 
Af = trby = 0.425(6.00) = 2. 55 in.? 
l 


The effective hole diameter is d, = + + a 1 in. 


Aj = Ape ~ ts dy = 2.55 ~ 0.425(2 x 1) = 1. 7 in? 
F,Apm = 65(1.7) = 110.5 kips 
YiFyAg = 1.1(50)(2.55) = 140. 3 kips 
Since F,Am < ¥,FyA gg , the holes must be accounted for, From AISC Equation F13-1, 


M, = fxAms. = 410.5 (57.6) = 2496 in.-kips = 208 fi-kips 


b»M, = 0.90(208) = 187 fi-kips < 216.8 ft-kips  (N.G.) 
Try a smaller diameter bolt. Try %-in. diameter bolts. 

Ay = nd?/4 = 2(1/2)7/4 = 0.1963 in? 

Nominal shearing strength = @R, = 0.75(48)(0. 1963) = 7, 067 kips/bolt 
Number of bolts required for shear is 


147.0 _ : 
7067 20. 8 try 22 bolts (11 pair) 


Bearing and block shear will be satisfactory. 
Check reduction in beam flange area: Use a hole diameter = 4 + z = 2 in. 
Ayn = Af — ted) dy = 2,55 —0.425(2 x 5/8) = 2.019 in? 
FyAjm = 65(2.019) = 131.2 kips 
Y,FyA yg = 1.1(50)(2.55) = 140. 3 kips 
Since F,Aj, < ¥:FyA yg , the holes must be accounted for. From AISC Equation F 13-1, 


- Fudny _ 131.2 E re es 
Mn = A St = 9 -§8 (97.6) = 2964 in.-kips = 247 ft-kips 


@oM, = 0.90(247) = 222. 3 ft-kips > 216.8 ft-kips required (OK) 
Plate length = 10(2.5) + 1.54 1.5+40.5 = 28.5 in. 


Use a PL 4 x 7x2! -44 " with 22 bolts 


Summary: 


For the web plate, use a PL + x 34 x 104 with 
four 2-in. diameter A325 bolts as shown. Attach to column with 
a continuous +-in. fillet weld on both sides of the plate. 
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For each flange plate, use a PL + x 7 x 2' — 4i" with 


twenty-two 4-in. diameter A325 bolts as shown. 


Zeal 
= one 

134" | 

wv le 6000000000 
Y i sz" 
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8.7-1 
W16 x 45 beam, W10 x 45 column, A992 steel. Flange plates are 5/8 x 7. 
(a) LRFD solution 

M, = 1.2(0.3 x 118) + 1.6(0.7 x 118) = 174. 6 ft-kips 


The force in the flange plate can be conservatively taken as 


H= ye = ewe 12) = 130. 1 kips = Py 


Local flange bending: from AISC Eq. J10-1, 
@Rn = 0(6.25t7F yy) = 0.90[6.25(0. 620)*(50)] = 108.1 kips < 130.1 kips (N.G.) 
Local web yielding: 
ORn = O[(5k + N)Fywtw} = 1.0[5(1. 12) + 0.625)](50)(0. 350) 
= 108.9 kips< 130.1 kips  (N.G.) 
Web crippling: from AISC Eq. J10-4, 


Ls 
ORn = o{o. gong] 1+3( 4 (#) yr] [FEE } 
ag 2 0,625 \ (2.350 350 \ {Pema 620) 29000(50)(0.620) 
0.75{ 0.80(0.350) ies 625.) ( 0.350 GONE 


= 127. lkips<130.1kips  (N.G,) 
Local flange bending is the worst case. Required stiffener area is 


Py~@Ry min _ 130.1 - 108.1 2 
caleeer © Pamala Ci C) a 
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Other requirements: 


b by 7 0.350 7 
> eed = 
b = 9) = 3 5) = 2,16 in, 


3 
b< a Z a = 3.84 in. 


Try a plate + x 3 
Ag = +(3)(2) = 1.5 in2 > 0.679 in.2 (OK) 


Sen 42 = 0.233 <1/4 (OK) 


I 

Full-depth stiffeners are not required for this case. Use a depth of approximately 
d Fmd 10.1 — i 
7 7 5. 05 in. 


Use 2 plates x3 x 0’-5" 
Clip inside corners to avoid flange-to-web fillets. 


(b) ASD solution 


The flange este force can be conservatively taken as 


_ 11812) _ 
Py = Me 61 87. 95 kips 


Check local flange bending with AISC Equation J10-1: 


Ry _ 6.25 Fy 
Q a 
_. 6.25(0.620)?(50) 
1.67 


Check local web yielding with AISC Equation J10-2: 
Ry . (k+N)Fyuty 
Q > co) 

[5(1. 12) + 0.625](50)(0. 350) 


aaa 1; ae 72. 63 kips < 87.95 kips  (N.G.) 


Check web crippling with AISC Equation J10-4: 


ye 
0.803] 1 +3( +3/ fe)" | =Apte 
Kn ees he NO ot ad Ws = Ww 


= 71.93 kips < 87.95 kips — (N.G.) 


oe 


; 0,625 \ (0,350 25000(50)0, 620) 
ORO 2)) pan 10.1 1G 30)" ] 0.350 


3.00 
= 84.71 kips < 87.95kips (NG) 
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Stiffeners are required. The smallest strength is 71.93 kips, for the limit state of local flange 
bending. The required stiffener area is 


— Pye (Ri/Q) min, 87.95 - 71.93 a 2 
As Ful 36/167 elt 


Other requirements: 


p> So tw . 2 ~ 0.350 2 16 in. 


sai: na Ta 
b x BO2— 0.550 - 3.84 in. 


Try a plate + x 3 
Ag = £(3)(2) = 1.5in2 > 0.743 in.2 (OK) 


SU tg Oe 
is 12 0.233 < 1/4 (OK) 


Full-depth stiffeners are not required for this case. Use a depth of approximately 


fe NOE : 
5 5} 5. 05 in. 


Use 2 plates + x 3 x 0’- 5”. 
Clip inside corners to avoid flange-to-web fillets. 


eA ag A NE eee a Os ert 
8.7-2 
LRFD solution 


Force developed in the beam flange plate is 


H = FA =36(41 x9) = 222. 8 kips= Py 


Local flange bending: from AISC Eq, J10-1, 
@Rn = $6.25t7 Fy = 0. 90[6,25(1.09)*(50)] = 334 kips > 222.8kips (OK) 
Local web yielding: from AISC Eq. J10-2, 
@Rn = O[(SK+N)Fywtw] = 1.0[(5 & 1.69 + 11/16)(50)(0. 680)] 
= 311 kips>222.8kips (OK) 
Web crippling: from AISC Eq. J10-4, 
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ORn = 640. gor] 1+3(4 | Het | 


7 LN6 ) (9.689 )'* 7 [29.000S0). 09) 
- 0.75{ 0,80(0.680) ets ie )( 58 j oe BORO OP) 


= 452 kips > 222.8kips (OK) Stiffeners not required. 


8.7-3 

(a) Web plate: neglect eccentricity. 

Try 3-in. diameter A325 bearing-type bolts. Assume that threads are in the plane of shear. 
As = nd*/4 = 1(3/4)7/4 = 0.4418 in? 

Shear capacity of one bolt is Rn = OF nyAs = 0.75(48)(0.4418) = 15. 9 kips/bolt 

Number of bolts required is 


45 
i597 2. 83 try 4 bolts 


Determine plate thickness required for bearing. Assume that 
ORn = O(2.4dtF,,) = 0.75(2.4)(3/4) (58) = 78. 3t 
Load resisted by each bolt = # = 1]. 25 kips. Let 
OR, = 11.25 = 78.3 => f¢=0.144in. Tryt= > in. 
Determine whether plate or beam web controls bearing. For the plate, 
iF, = +e (58) = 10.9 kips/in. 


For the beam web, 4,/°, = 0.300(65) = 19. 5 kips/in. > 10.9 kips/in. .. plate controls. 


Check bearing strength assumption. A = ra + “+ = ra in. 
For the hole nearest the edge, min. L, = | + in. Try 1+ i in 
Lee te # 21 §— 8s 10004in: 


2 2 
ORn = O(1.2LetFy) = 0.75(1.2)(1.094)(3/16)(58) = 10. 71 kips 


$(2.4dtF,,) = 0.75(2.4)(3/4)(3/16)(58) = 14. 68 kips >10.71 kips 
“. use OR, = 10.71 kips/bolt 


For other bolts, min. s = 2.667(3/4) = 2.0 in. Try s=2+ in. 
= a Fa _ RES = | 
Le =S8-h=2.5 16 1. 688 in. 
ORn = O(1.2L fF ,) = 0.75(1.2)(1.688)(3/16)(58) = 16. 52 kips 
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o(2.4datF,,) = 14.68 kips < 16,52 kips .. use oR, = 14.68 kips/bolt 
Total bearing strength = 10.71 + 3(14.68) = 54.8kips>45kips (OK) 
Use four +-in. diameter A325 bolts . 


ren eH HS EER RE TNH nt 
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Determine plate thickness required for shear. Shear yielding strength is 
OR, = 1.00(0.60F 4g) 
Let 45 = 1.00(0.60)(36)(10. 5s) > ft=0.198in. Tryt= + in. 


Check shear rupture strength. Use hole diameter = pie + = + in. 


A 

Aw = (10.5—4 x 718)( 4) = 1.75 in? 

Rn = 9(0.6A my Fy) = 0.75(0.6)(1.75)(58) = 45.7 kips > 45 kips (OK) 
Check block shear. 
Shear areas: Agy = FS +3x2.5) = 709) = 2.25 in? 


Any = + {9 - 3.5(7/8)] = 1, 484 in 


Tension area: Aw = 408 ~ 0,5(7/8)] = 0.2656 in? 


Ry = 0.6F Any + UasFuAn 
= 0.6(58)(1.484) + 1.0(58)(0.2656) = 67.1 kips 
with an upper limit of 
0.6F yAgy + UssFuAn = 0.6(36)(2.25) + 1.0(58)(0. 2656) = 64.0 kips 
The nominal block shear strength is therefore 64.0 kips. The design block shear strength is 
oR, = 0.75(64.0) = 48.0 kips > 45 kips (OK) 
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Use a plate + x 34 x 10+ as shown above. 


Connection of shear plate to column flange: Use E70 electrodes. 


Minimum weld size, based on the shear plate thickness of 4 inch, is + inch, Try w = + 


in, 
Weld strength = 1.392 x 2 = 2. 784 kips/in. 

Base metal (plate) shear strength: 
Yielding: oRn = 0.6F yt = 0.6(36)(1/4) = 5. 4 kips/in. > 2.784 kips/in. 
Rupture: @R, = 0.45F yt = 0.45(58)(1/4) = 6. 525 kips/in. > 2.784 kips/in. 

Weld strength controls: Total length required = 45/2.784 = 16. 16 in. 


Use a continuous vin, fillet weld on each side of plate. 


Check for column stiffener requirements. The force developed in the beam flange is 


ok WES a EOD _ dace, 
oo dy—ty  17.7~—0.425 — 152. 8 kips = Psy 


Local flange bending: from AISC Eq. J10-1, 
ORn = $6.25t7F yr = 0,90[6.25(0.660)7(50)] = 122. 5 kips < 152.8 kips (N.G.) 
Local web yielding: from AISC Eq. J10-2, 
ORn = O[5K +N) Fywty] = 1.00[(5 x 1.25 + 0.425)(50)(0. 370) ] 
= 123.5 kips < 152.8 kips (N.G.} 
Web crippling: from AISC Eq. J10-4, 


ok, = 60.sor 1+3(44) (4) "7 | [e=} 
0.370 
660 


aei() 73(0. 80(0. 370°] 1 +3( B25 es 22 ) (0.370 
= 137.2 kips< 152.8kips  (N.G.) 


: *] [ 29,000(50)(0. 660) ) 
0.370 


Local flange bending is the worst case. Required stiffener area is 


b< tod te i $.06 0.370 = 3, 85 in. 


tt 2 i = 0.525. # 0.213 in: 
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Try a plate + x 3 


Ag = 4.@)@) = 1.5in2>0,935in.2 (OK) 


Check for ty > 5/15: 


Pe. Tyr. SG 
G is 0.2 in. < q in. (OK) 


Full-depth stiffeners are not required for this case. Use a depth of approximately 


5 Sees a ae : 
7 sae 6. 95 in. 


Use 2 plates + x 3 x 0’- 7”. 


Clip inside corners = in. to avoid flange-to-web fillets. 


(b) Check panel zone reinforcement requirements. 


= (he) - —Mu__y, . 22002) __ _g . 
rr ne es ey ee 


Py = ee > 0.4P,, so use AISC Equation J10-10. 


Rn = 0.60F ydety (1.4 fe) = 0.60F dety (1.4 - Pu } 
P, P, 


= 0,60(50)(13.9)(0.370)(1.4 — 0.6) = 123.4 kips 
@R, = 0.90(123.4) = 111. 1 kips < 152.8 kips (N.G.) 
Alternative 1: use a web doubler plate. 


Use AISC Equation J10-10 to find the required doubler plate thickness. Multiplying both 
sides by @ and solving for ¢y gives 


t is tor eg 
"" $(0.60F yd.)(1 - Pu/Py) 


Substituting the plate thickness fg for ¢, and using the yield stress of the goubler plate, we get 
ORn 152,.8—111.] 0.386 in. 


= = = 


‘4 = §O.00F,d.)(1—P,lP,) ~ 0.90(0.60)(36)(13. 9)(1 0.6) 
where 152.8 — 111.1 is the extra strength, in kips, to be furnished by the doubler plate. 
Use a 7/16-inch doubler plate. 
(The welds will not be designed. For an explanation, see Example 8.12 in the textbook.) 


Alternative 2: use a diagonal stiffener. With this alternative, use full-depth horizontal 
stiffeners. 


The shear force to be resisted by the web reinforcement is 152.8 —- 111.1 = 41. 7 kips. If this 
force is taken as the horizontal component of an axial compressive force P in the stiffener, 


Pcos@ = 41.7 kips 
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_ (t22) : 
ze 4). tan! (12-2) = 51.86 


2 
= 41.7 _ 
P cos(51,86°) = 67. 52 kips 


Since the stiffener is continuously connected along its length, we will treat it as a 
compression member whose effective length KZ is zero. From AISC J4.4, for compression 
elements with KZ/r < 25, the nominal strength is 


a OP p =, OF yA g haa 0. 90(35)A sr 
Equating this strength to the required strength, we obtain the required area of stiffener: 


0.90(36)4 4 = 67,52 = Ay = 2.08 in.? 


Try 2 stiffeners, 3 x 4 , one on each side of the web. 


Ay provided = 2(3 x 3) = 2.25 in.? > 2.08 in.? required (OK) 


Check for ft > b/15 : 


DES ag a ae fy ae et 
G is 0.2 in. < g in. (OB) 


Design the welds. The approximate length of each diagonal stiffener is 


d 13.9 
Ls = fs —anitd sz 27. 5S ; 
‘ cos@ ~ cos(51.86°) re 


If welds are used on both sides of the stiffeners, the available length for welding is 
EL = 22,51(4) = 90. 04 in. 
The weld size, in sixteenths of an inch, required for strength is 


= P = 67.52 = 
D A 7390/9004) = 393(50.04) 0.539 sixteenths 


Use the minimum size of 4g inch (AISC Table J2.4). 
Because of the small size required for strength, use intermittent welds. From AISC J2.2b, 


Minimum length = 4w = 4( ra ) = 0.75 in., but not less than 1.5 in. (1.5 in. controls) 


For a group of four welds, the capacity is 
4(1,392DL) = 4(1.392)(3)(1.5) = 25. 06 kips 


Required weld capacity per inch = ae a7 sy 3. 00 kips/in. 


Base metal shear strength of column web: 


Yielding: @R, = 0.6Fyty x 2 = 0.6(50)(0.370) x 2 = 22.2 kips/in. > 3.00 kips/in. 
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Rupture: OR,» = 0.45F uty x 2 = 0.45(65)(0.370) x 2 = 21.7 kips/in. > 3.00 kips/in. 
Base metal shear strength of stiffener: 

Yielding: Rn = 0.6Fyts x 2 = 0.6(36)(3/8) x 2 = 16. 2 kips/in. > 3.00 kips/in. 

Rupture: @Rn = 0.45 Futs X 2 = 0.45(58)(3/8) x 2 = 19,6 kips/in, > 3.00 kips/in. 


23.06 = 8.35 in. 


Use -4-in. x 1+-in. intermittent fillet welds spaced at 8 inches on center, on each side of 


Required spacing of welds = 


each diagonal stiffener. 


8.8-1 


(a) LRFD solution 
Factored shear and moment: 
Vi, = 1.2(0.25 x 27) + 1.6(0.75 x 27) = 40.5 kips 
M, = 1.2(0.25 x 67) + 1.6(0.75 x 67) = 100.5 ft-kips 
Is required moment strength at least 60% of available moment strength? 
$,M, = ¢»M, = 125 ft-kips, 0.60(125) = 75.0 ft-kips 
Required moment strength = M, = 100.5 ft-kips > 75.0 ft-kips | (OK) 


— M, _ 100.512) _ 
Flange force = Fs as TEE = 90, 24 kips 


Tensile load per bolt = 90. 24/4 = 22.6 kips 
Tensile strength: Ay = 2(0.75)*/4 = 0.4418 in.? 
bR, = $F dp = 0.75(90)(0.4418) = 29, 82 kips/bolt > 22.6 kips/bolt (OK) 


Shear load per bolt = 40.5/4 = 10.1 kips (compression side bolts) 
Shear strength: 
Rn = OF mAs = 0.75(48)(0.4418) = 15.9 kips/bolt > 10.1 kips/bolt (OK) 


Bearing strength: Assume that the upper limit of 2.4dtF, controls and that column flange 
thickness controls (t7 = 0.435 in.). 


oR, = 0(2.4dtF,,) = 0.75(2.4)(3/4)(0.435)(65) 
= 38.2 kips/bolt > 10.1 kips/bolt | (OK) Bolts are adequate 


(b) ASD solution 


Is required moment strength at least 60% of available moment strength? 
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Mn. Mo _ 99 8 f-kips,  0.60(82.8) = 49.7 fi-kips 


Qs 02, 
Required moment strength = Mf, = 67 ft-kips > 49.7 ft-kips (OK) 
Flange force = Mites te OIE a 60. 16 kips 


d-t;  13.7-0.335 
Tensile load per bolt = 60. 16/4 = 15.0 kips 
Tensile strength: A, = 2(0.75)7/4 = 0.4418 in.? 


Rn _ FmAp — 90(0.4418) _ ‘ : 
ca 6 Se A ee 19.9 kips/bolt > 15.0 kips/bolt (OK) 


Shear load per bolt = 27/4 = 6. 75 kips (compression side bolts) 
Shear strength: 
Ry. Fuvdy _ 48(0.4418) _ 10. 6 kips/bolt> 6.75 kips/bolt (OK) 


Q Q 2.00 


Bearing strength: Assume that the upper limit of 2.4dtF, controls and that column flange 
thickness controls (t7 = 0.435 in.). 


Rn 2.4atF, 2.4(3/4)(0.435)(65) 


Q Q 2.00 
= 25.5 kips/bolt > 6.75 kips/bolt (OK) Bolts are adequate 


8.8-2 
LRFD solution 
Factored shear and moment: 
Vy, = 1.2(0.25 x 53) + 1.6(0.75 x 53) = 79. 5 kips 
M, = 1.2(0.25 x 134) + 1.6(0.75 x 134) = 201.0 ft-kips 
Is required moment strength at least 60% of available moment strength? 
65M, = 65M, = 249 ft-kips, 0.60(249) = 149. 4 ft-kips 
Required moment strength = M, = 201.0 ft-kips > 149.6 ft-kips | (OK) 


_ yy _ 201.002) _ i 
Flange force = d= ~ 17.7-0.425 139. 6 kips 


Tensile load per bolt = 139. 6/4 = 34.9 kips 
Tensile strength: As, = 2(7/8)7/4 = 0.6013 in.? 
OR, = OF As = 0.75(90)(0.6013) = 40. 59 kips/bolt > 34.9 kips/bolt (OK) 
Shear load per bolt = 79.5/4 = 19.9 kips (compression side bolts) 
Shear strength: 
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ORn = OF wAs = 0.75(48)(0.6013) = 21. 65 kips/bolt > 19.9 kips/bolt (OK) 


Bearing strength: Assume that the upper limit of 2.4dtF,, controls and that column flange 
thickness controls (t7 = 0.560 in.). 


OR, = 0(2.4atF,) = 0.75(2.4)(7/8)(0. 560)(65) 
= 57,3 kips/bolt > 19.9 kips/bolt (OK) Bolts are adequate 


8.8-3 
LRFD solution 
From the Z, tables, for a W18 x 40, 
Mu = $5Mpx = 294 ft-kips 
Vu = OvVn = 169 kips 
From the dimensions and properties tables 
d= 17.9 in., ty = 0.315 in., ba = 6.02 in., te = 0.525 in., workable gage = 3.50 in. 
For the bolt pitch, try pm = pa = 2 in. . 
For the gage distance, use the workable gage g = 3.50 in. 
Required bolt diameter: 


hy = d- 42 + pp = 17.9 — 0:523 +2 = 19, 64 in. 
2 "PS 2 


hy = d- 4B — ty - pp = 17.9 ~ 9.325. - 0525-2 = 15. 11 in. 


_ 2M, = 2(294 x 12) _ 
Tonea's ae rOF (ho +hi) 4 x(0.75)(90)(19.64 + 15.11) a 


Try a, = 1 inch. 
Moment strength based on bolt strength: 
P, = F,Ay = 90n(1)7/4 = 70. 69 kips/bolt 
M, = 2P,(ho + hy) = 2(70,69)(19.64 + 15.11) = 4913 in.-kips 
M, = 0.75(4913) = 3685 in-kips = 307.1 ft-kips > @sMpx = 294 ft-kips 
“use $M, = @5Mpx = 294 fi-kips = 3528 in.-kips 
Determine end-plate width. From AISC Table J3.4, 
minimum L, = 14 in. 
The minimum plate width is g+2Z, = 3.50 +2(1.75) = 7.0 in. 
but no less than the beam flange width of 6.02 in. 
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Maximum effective end-plate width = 6, +1 = 6.02 +1 = 7. 02 in. 
Try 5p = 7 in. Compute the required plate thickness: 


7 + bp 5178.5) = 2.475 in. > pp ~. use the original value of pg = 2.0 in. 
bp 1 i I 5 a aes 
ae ala (sr +t) + ho( ae \- g] |+ gin ts)] 


ali u(i+ 4 ) + 19.64(4) _ 4] " 3s[15.11(2 +2.475)] 


TigM, _ | 1.11528) : 
Required t, = boF yp 0.9(36)(119.1) = 1.01 in. 


Try fp = 1% inch. 


Beam flange force: 


~My _ 294x112 _ 
ta Gap 1-05 
Tift 5 205 Aer 
5 5 101. 6 kips 


The shear yield strength of the end plate is 
$(0.6)Fytpbp = 0.90(0.6)(36)(1.25)(7) = 170. 1 kips > 101.6 kips (OK) 
Shear rupture strength of end plate: 
An = tp[bp ~ 2(dp + 1/8)] = (1.25)[7-2(1 + 4) ] = 5.938 in. 
$(0.6)FuAn = 0.75(0.6)(58)(5.938) = 155.0 kips> 101.6 kips (OK) 


Check bolt shear. The compression side bolts must be capable of resisting the entire vertical 
shear. 


Ay = 24 = BUD" - 0.7854 in. 

bRn = OF As = 0.75(48)(0. 7854) = 28. 27 kips/bolt 
For 4 bolts, @R, = 4 x 28.27 = 113. | kips 

V, = 169 kips >113.1 kips — (N.G.) 
Try dy = 1% inch. 

Ape aap = ae = 1.227 in? 


$Ry = bF mAs = 0.75(48)(1.227) = 44. 17 kips/bolt 
For 4 bolts, Rn = 4x 44.17 = 177 kips> 169 kips (OK) 


Recompute the plate dimensions. For 1%-inch diameter bolts, 
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minimum Z, = 2% in. 
The minimum plate width is 
g+2L, = 3.50+2(2,25) = 8.0 in. 
Maximum effective end-plate width = bg + 1 =6.02+1 = 7. 02 in, 
Try 5, = 8 in., with an effective width of 7.02 inches. Compute the required plate thickness: 


$= > [og = +.[7-03(3-5) = 2.478 in. > pp -. use the original value of py = 2.0 in. 


) sho fe) -E] + Fen ro 


ee 
§ 
i+54 \+19.64(4)-4]+ Fe [I5.11(2 +2.478)] 


2 
Y, = 2 in (oe 


5) a 
“Bs. 
9 


119.3 
_ f{iUeMn _ f 1.113528) _ 
Required t, = “SEY 0.9(36)(119.3) 1. O01 in. 


Try tp = 1’ inch. 


Because the bolt size has increased, check the shear rupture strength of the end plate: 
An = tp[bp ~ 2(dy + 1/8)] = (1.25)[7.02 — 201.25 + 1/8)] = 5. 338 in.? 
6(0.6)FyAn = 0.75(0.6)(58)(5.338) = 139 kips > 101.6 kips | (OK) 

Check bearing in the plate at the compression side bolts. 


2 en et eee Weceer i 
h=d+ ig I> +76 1.313 in. 


For the outer bolts, 
L. = po tip + pan h = 2+0,5254+2-1.313 = 3.212 in. 
OR, = O(1.2L ety) = 0.75(1.2)(3.212)(1.25)(58) = 209. 6 kips 
The upper limit is 
6(2.4atF,) = 0.75(2.4)(1.25)(1.25)(58) = 163. 1 kips < 209.6 kips 
., use @R, = 163.1 kips/bolt 


Since the inner bolts are not near an edge or adjacent bolts, the outer bolts control. The total 
bearing strength is 


4x 163.1 = 652kips> V, = 169kips (OK) 
Check bearing in the column flange. Use Z, = 3.212 in. 

ORn = (1.2L -tF,) = 0.75(1.2)(3.212)(0.525)(65) = 98. 65 kips 
The upper limit is 

$(2.4atF,) = 0.75(2.4)(1.25)(0,525)(65) = 76. 78 kips < 98.65 kips 
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“ use @R, = 76.78 kips/bolt 
The total bearing strength is 
4x 76.78 = 307 kips> V, = 169 kips (OK) 


The plate length, using detailing dimensions and the notation of Figure 8.51 in the textbook, 
is 


d+ 2pp + 2d, = 174 +2(2)+2(2+) = 26% in. 


arena tent meee TOTP np st HASAMAMLALALZLACnA HMA HNC tnanememetmn nt man neon AAAS 


Beam flange-to-plate weld design: The flange force is 
Fp, = 203. 1 kips 


AISC Design Guide 4 recommends that the minimum design flange force should be 60% of 
the flange yield strength: 


Min. Fy, = 0.6F, (bats) = 0.6(50)(6.02)(0. 525) = 94. 8 kips < 203.1 kips 
Therefore, use the actual flange force of 203.1 kips. The flange weld length is 
bp + (bp — tw) = 6.02 + (6.02 — 0.315) = 11. 73 in. 
The weld strength is 
OR, = 1.392D x 11.73 « 1.5 


where D is the weld size in sixteenths of an inch, and the factor of 1.5 accounts for the 
direction of the load on the weld. If we equate the weld strength to the flange force, 


1.392D x 11.73 x 1.5 = 203.1, D = 8.29 sixteenths 


From AISC Table J2.4, the minimum weld size is “4 in. (based on the thickness of the flange, 
which is the thinner connected part). 


Use a 9/16-inch fillet weld at each flange. 


Beam web-to-plate weld design: To develop the yield stress in the web near the tension 
bolts, let 


1.392D x 2 = 0.6F ty 


for two welds, one on each side of the web. The required weld size is 


0.6F ty _ 0.6(50)(0.315) 
1.392(2) 1.392(2) 


Use a %-inch fillet weld on each side of the web in the tension region. 


D= = 3, 39 sixteenths 


The applied shear of V,, = 169 kips must be resisted by welding a length of web equal to the 
smaller of the following two lengths: 


|. from mid-depth to the compression flange: 
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L= g-tp = 122 — 0.525 = 8. 425 in. 
2. from the inner row of tension bolts plus 2d, to the compression flange: 

L = d—2tp — pp — 2ds = 17.9 —2(0.525) ~ 2,0 ~ 201.25) = 12. 35 in. > 8.425 in. 
Equating the weld strength to the required shear strength, we get 

1.392D x 8.425x2= 169, D=7.2] sixteenths (w = % in.) 
From AISC Table J2.4, the minimum weld size is 3/16 in. | 


4'~0 7/8" 2'- 2 3/8" 


Not to scale 
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8.8-4 
LRED solution 
Factored shear and moment: 
V, = 1,213) + 1.6034) = 70.0 kips 
M, = 1.2(20) + 1.6(48) = 100. 8 ft-kips 
From the dimensions and properties tables 
d= 12.3 in. ty = 0.260 in., ba = 6.52 in., tg = 0.440 in., workable gage = 3.50 in. 
For the bolt pitch, try pa = py = 2 in. 
For the gage distance, use the workable gage g = 3.50 in. 
Required bolt diameter: 


ho = d— 4B. + py = 12.3- O80 4.2 = 14, 08 in. 


t 
2 
hy = d- “2 - ty - pa = 12.3 - 0.480 9.440 -2 = 9. 64 in. 


_ 7, an 2(100.8 x 12) _ . 
dy Rea'6 ae aOFi(ho + Fx) ~ ¥ 2(0.75)(90)(14.08 + 9,64) ~ "O74 n- 


Try dy = + inch. 
Moment i based on bolt strength: 
P, = F,Ay = 902(3/4)7/4 = 39. 76 kips/bolt 
M, = 2P (ho + hy) = 2(39.76)(14. 08 + 9.64) = 1886 in.-kips 
oM, = 0.75(1886) = 1415 in-kips = 117.9 ft-kips 
Determine end-plate width. From AISC Table J3.4, 
minimum LZ, = 1% in. 
The minimum plate width is g+2Z, = 3.50+2(1.25) = 6.0 in. 
but no less than the beam flange width of 6.52 in. 
Maximum effective end-plate width = by + 1 =6.52+1 = 7. 52 in. 
Try b, = 8 in., with an effective b, = 7.52 in. Compute the required plate thickness: 


= s= 4 Joe = 4 /7.52(3.5) = 2.565 in. > py .. use the original value of pg = 2.0 in. 
_ bp 1 l 1 ] 4 
Y, = 2 mi (e+ +) + Mol a) -4]+ Sten +5)] 


a 
2, Re. AL 1 
aaa ae [». 64( 4+ 2.565 
81.99 


Pi 
ie (oe (ree 
) +14.08(4) | |- Pe [9. 64(2 +2. 565)] 
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: _ [LaléM, _ f_ 1.110415) 
Required fp = “bs Yo ~ ¥ 0.50(36)(81.95) 0.769 in. 
Try tp = 4 inch. 


Beam flange force: 


_ My. 100.812 _ ) 
sie ar onaais Vie OA a 


The shear yield strength of the end plate is 
$(0.6)Fytpbp = 0.90(0.6)(36)(7/8)(7.52) = 128 kips > 51 kips (OK) 
Shear rupture strength of end plate: 


An = tp[bp ~ 2(de + 1/8)] = L/7.52 -2(4 +1) ] = 5,049 in? 


$(0.6)F,An = 0.75(0.6)(58)(5.049) = 132 kips> 51 kips (OK) 


Check bolt shear, The compression side bolts must be capable of resisting the entire vertical 
shear. 


2 
ae - zCer = 0.4418 in? 


A,p= 
ORn = OF mAs = 0.75(48)(0.4418) = 15, 9 kips/bolt 
For 4 bolts, @R, = 4x 15.9 = 63. 6 kips 
V, = 70kips > 63.6kips  (N.G,) 
Try ds = + inch. 
Ay = adh = suey = 0.6013 in? 


Ry = bF mAs = 0.75(48)(0.6013) = 21. 65 kips/bolt 
For 4 bolts, #R, = 4x 21.65 = 86.6kips>70kips (OK) 
Recompute the plate dimensions. For 7/8-inch diameter bolts, 
minimum L, = 1% in. 
The minimum plate width is 
g+2L, = 3.50+2(1.5) = 6.5 in. 
Maximum effective end-plate width = bg, +1 =6.52+1 = 7. 52 in. 
Try bp = 8 in., with an effective width of 7.52 inches. From previous calculations, 
Y, = 125.0 
Moment strength based on bolt strength: 
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P, = F,Ay = 90(0,6013) = 54. 12 kips/bolt 
My = 2P;(ho +h1) = 2(54.12)(14.08 + 9.64) = 2567 in.-kips 
$M, = 0.75(2567) = 1925 in-kips = 160.4 ft-kips 


ee fA TTOM, .. f  VATO925) 
Requietin get, 4 05(6)005.0) 


Try tp =% inch, 
The shear yield strength of the end plate is 

$(0.6)Fytpbp = 0.90(0.6)(36)(3/4)(7.52) = 110 kips > ae = 51 kips (OK) 
Shear rupture strength of end plate: 


= 2 ee 23 Da le in2 
An = tp[bp - 2(dy + 1/8)] = 3[7.52-2(2 +4 ) | = 4.14 in, 
$(0.6)Fudn = 0.75(0.6)(58)(4. 14) = 108kips> Si kips (OK) 


Check bearing in the plate at the compression side bolts. 


For the outer bolts, 
Lo = Potty tpa-h = 240.440 +2 — 15/16 = 3. 503 in. 
OR, = O(1.2L,tFy) = 0.75(1.2)(3.503)(3/4)(58) = 137. 1 kips 
The upper limit is 
$(2.4dtF’,) = 0.75(2. 4)(7/8)(3/4)(58) = 68. 51 kips < 137.1 kips 
“. use OR, = 68.51 kips/bolt 


Since the inner bolts are not near an edge or adjacent bolts, the outer bolts control. The total 
bearing strength is 


4x 68.51 = 274kips>V,= 70kips (OK) 
Check bearing in the column flange. Use LZ, = 3.503 in. 

OR, = O(1.2L¢tFy) = 0.75(1.2)(3.503)(0.680)(65) = 139. 3 kips 
The upper limit is 

6(2.4dtF,) = 0.75(2.4)(7/8)(0. 680)(65) = 69, 62 kips < 139.3 kips 

“use OR, = 69.62 kips/bolt 

The total bearing strength is 

4x 69.62 = 279 kips> V, = 70 kips (OK) 


The plate length, using detailing dimensions and the notation of Figure 8.51 in the textbook, 
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d+ py +2de = 124 +2(2)+2C14) = 194 in. 


Beam flange-to-plate weld design: The flange force is 
Fy, = 102.0 kips 


AISC Design Guide 4 recommends that the minimum design flange force should be 60% of 
the flange yield strength: 


Min. Fa = 0.6F (bate) = 0.6(50)(6.52)(0.440) = 86. 06 kips < 102.0 kips 
Therefore, use the actual flange force of 102.0 kips. The flange weld length is 

bp + (bp - tw) = 6.52 + (6.52 — 0.260) = 12. 78 in. 
The weld strength is 

@Rn = 1.392D x 12.78 x 1.5 


where D is the weld size in sixteenths of an inch, and the factor of 1.5 accounts for the 
direction of the load on the weld. If we equate the weld strength to the flange force, 


1.392D x 12.78 x 1.5 = 102,0, D = 3,82 sixteenths 


From AISC Table J2.4, the minimum weld size is 3/16 in. (based on the thickness of the 
flange, which is the thinner connected part). 


Use a %-inch fillet weld at each flange. 


Beam web-to-plate weld design: To develop the yield stress in the web near the tension 
bolts, let 


1.392D x2 = 0.6F yty 
for two welds, one on each side of the web. The required weld size is 


_ 0.6Fytw _ 0.6(50)(0.260) _ 
2 1.392(2) 1.392(2) = 2, 80 sixteenths 


Minimum size = 3/16 in., based on web thickness. 


Use a 3/16-inch fillet weld on each side of the web in the tension region. 


The applied shear of V,, = 70 kips must be resisted by welding a length of web equal to the 
smaller of the following two lengths: 


1. from mid-depth to the compression flange: 
— da ane _ 12.3: id, = + 
L 7 7 bp 5 0.440 = 5.71 in. 
2. from the inner row of tension bolts plus 2d; to the compression flange: 


L = d—2tp — ppg ~ 2dy = 12.3 - 2(0.440) — 2.0 ~2(7/8) = 7. 67 in. > 5.71 in. 
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Use L = 5.71 inches. Equating the weld strength to the required shear strength, we get 
1.392D x §.71 x 2 = 70, D = 4.40 sixteenths 


Use a 5/16-inch fillet weld on each side of the web between mid-depth and the compression flange. 


The design is summarized in the figure below. 


4 be 
oe paar 
1% 
oe eee 1/4 
2" 
[rk EERO 
io ——— 
1-~E 
316 > 
7 {'.7 3/8" 


Not to scale 
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CHAPTER 9 - COMPOSITE CONSTRUCTION 


= wl5 ae 15 a ; wo eS a ee 
(a) E, = wid ff = (145)'5 44 = 3492 ksi, on E 5105 


& = Sl = 10.13 in, 


Fora W18x 40, 4; = 11.8in2, d= 17.9 in, J = 612 in.* 


Component A y Ay I d  I+Ad* 

Slab 40.52 2 81.04 54.03 2.469 301.0 

W 11.8 12.95 152.8 612 8.481 1461 

Sum 5232 233.8 1762 
~_ LAY _ 233.8 _ 2 ‘ed 
y= A = 52.32 = 4, 469 in., Ly = 1762 in. 


(b) Top of steel: 


f= oe = (e0h a IN A =) = 0.926 ksi (compression) 


Bottom of steel: 


_ My _ (290 x 12)(44+17.9- 4.469) _ 
Ss = ae i763 = 34, 4 ksi (tension) 
Top of slab: 


_ MP _ (290 x 12)(4.469) _ , 
I Te (1762) 1. 10 ksi (compression) 


9,1-3 
(a) E. = wi ff = (145)3/F = 3492 ksi, n= Be = 22:00 83 uses 
E. ~ 3492 
F = B = 9.75 iin. 


Fora W24x 55, 4, = 16.2in.2, d= 23.6 in, J, = 1350 in.* 
Component A y Ay v4 d  I[+Ad 
Slab 43.88 2.25 98.73 74.04 3.789 704.0 
WwW 16.2 16.3 264.1 1350 10.26 3055 
Sum 60.08 362.8 3759 


Ly = 3749 in.? 
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(b) Top of steel: 


_ My _ (450 x 12)(6.039—4.5) _ 
Ss = ? eae | are 2. 21 ksi (compression) 


Bottom of steel: 


Gis My _ (450 Ineo ees O59)! 31.7 ksi (tension) 


tr 


Top of slab: 
= My _ (450 x 12)(6.039) _ 
eerie 8(3759) 1. 08 ksi (compression) 
9.1-5 


Determine location of plastic neutral axis: 
A;Fy = 16.7(50) = 835.0 kips, 0.85 f,°bt = 0.85(4)(75)(5) = 1275 kips 
Since 835 kips < 1275 kips, PNA is in the slab and C = 835 kips. 
From C = T, 
0.85f,'ab = AsFy 
0.85(4)a(75) = 835, Solution is: {a = 3, 275} in. 
d LoL 45 — 2.279. = 13.91 in. 


sa apne cs 
ie ee ae) 3 


M, = Ty = 835(13.91) = 11,610 in.~kips = 968 ft-kips 


92-1 


Loads applied before the concrete cures: 


slab weight = (4; ) caso) = 50 psf,  50(7.5) = 375 lb/ft 

Wp = 375 +22 = 397 Ib/ft, wz = 20(7.5) = 150 lb/ft 
Loads applied after the concrete cures: 

Wp = 375 +5 = 380 Ib/ft, wz = (60+ 10)(7.5) = 525 lb/ft 
Strength of the composite section: 

A;F, = 6,49(50) = 324. Skips, 0.85f,A_ = 0.85(4)(4 x 90) = 1224 kips 
Use C = 324.5 kips. 


y= Ger 9 = B14 L080 & 10.32 in 


M, = Cy = 324.5(10.32) = 3349 in.-kips = 279.1 ft-kips 
(a) LRFD solution 
Before the concrete cures: 

From the Z, table, ¢,M, = 6,M, = 125 ft-kips 

wy, = 1l.2wp +1.6wy, = 1.2(397) + 1.6(150) = 716. 4 lb/ft 


M, = wel? ss + (0.7164)(30)? = 80.6 ft-kips < 125 ft-kips (OK) 


After the concrete cures: 
65M, = 0.90(279.1) = 251 ft-kips 
Wy = 1.2wp + 1.6wy = 1.2(380) + 1.6(525) = 1296 lb/ft 
M, = ¥ (1.296)(30) = 146 ft-kips < 251 ft-kips (OK) 
Flexural strength is adequate. 


(b) ASD solution 
Before the concrete cures, 


Mn . Mp _ iG 
Ge. an = 82.8 ft-kips 


We = Wot+wey = 397+ 150 = 547 Ib/ft 


From the Z, table, 


Ma = eval? = 4.0.547)(30)? = 61.5 ft-kips < 82.8 ft-kips | (OK) 


After the concrete cures, 


Qs 1.67 
Wa =Wptwy = 380+ 525 = 905 lb/ft 


M, = + (0.905)(30)? = 102 ft-kips < 167 ft-kips (OK) 


Mn _ 219.1 = 167 ft-kips 


Flexural strength is adequate. 


93-1 
Loads applied before the concrete cures: 
slab weight = (4, ) aso) = 50psf,  50(7) = 350 lb/ft 


Wp = 350+ 16 = 366 lb/ft, wz = 20(7) = 140 lb/ft 
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Loads applied after the concrete cures: 
wp = 350 Ib/ft, we = (125 4+ 15)(7) = 980 Ib/ft 
Strength of the composite section: 
Effective flange width = (25 x 12)/4 = 75 in. or 7(12) = 84 in,, use b = 75 in. 
A;Fy = 4.71(50) = 235. 5kips,  0.85f.4, = 0.85(4)(4 x 75) = 1020 kips 
Use C = 235.5 kips. 
a= —G = 239.5. = 0.9235 in. 


x MAS gp Ee gp EO dg 9235. 
Yoo tt 5 5 +4 3 9. 538 in. 


M, = Cy = 235,5(9,.538) = 2246 in.~kips = 187.2 ft-kips 
(a) LRFD solution 
Before the concrete cures: 

From the Z, table, 5M, = 65M, = 75.4 ft-kips 

Wy = 1.2wp+1.6w, = 1.2(366) + 1.6(140) = 663, 2 ib/ft 


My = ew ul? = 4 (0. 6632)(25)? = 51.8 ft-kips < 75.4 ft-kips (OK) 


After the concrete cures: 
$M, = 0.90(187.2) = 168 ft-kips 
1.2(350) + 1.6(980) = 1988 Ib/ft 


H 


Ww, = 1.2wo 4+ 1.6wz 

M, = 4 (1.988)(25)? = 155 fi-kips < 168 ft-kips (OK) 
Shear: by’, = 79.1 kips 

Vy = teh = A288) = 24.9 kips <79.1 kips (OK) 


Beam is satisfactory 
(b) ASD solution 


Before the concrete cures: 


My . Mp _ + 3 
From the Z, table, GO; = 50.1 ft-kips 


Wa = Wot+wWy = 366+ 140 = 506 lb/ft 


Mz = dowel? = § (0.506)(25)? = 39,5 fi-kips < 50.1 fi-kips (OK) 


After the concrete cures, 


[9-4] 


My _ 187.2 a 
ot = TEES = 112 fi-kips 


Wa = Wp + Wz = 350+ 980 = 1330 Ib/ft 
Ma = 4(1.330)(25)? = 104 ft-kips < 112 ft-kips (OK) 


Shear: e = 52.8 kips 


Yq = Meh = 1.33005) = 16.6 kips <52.8kips (OK) 


Beam is satisfactory ~ 


9.4-1 
Loads applied before the concrete cures: 
slab weight = (-§ ) aso) = 75 psf,  75(9) = 675 lb/ft 
wp = 675457 = 732 Ib/ft, wz = 20(9) = 180 lb/ft 
Loads applied after the concrete cures: 
wp = 732 lb/ft, wz, = 250(9) = 2250 lb/ft 
Strength of the composite section: 
Effective flange width = (40 x 12)/4 = 120 in. or 9(12) = 108 in., use 6 = 108 in. 
AsFy = 16.7(50) = 835.0 kips, 0. 85f,Ac = 0.85(4)(6 x 108) = 2203 kips 
Use C = 835 kips. 


er Sa eee re 
a= Tasep ~ 0,85(4)(08) 


0 
Ot Wo DUA, pn DTH ; 
a tims 7 +6 5 15. 41 in. 


My = Cy = 835(15.41) = 12,870 in.-kips = 1073 ft-kips 


(a) Before the concrete cures: 
From the Z, table, d,M, = 65M, = 484 ft-kips 
wy = 1.2wp + 1.6wz, = 1.2(732) + 1.6(180) = 1166 Ib/ft 


M, = wud? ™ el. 166)(40)2 = 233 ft-kips < 484 ft-kips (OK) 


After the concrete cures: 
pM, = 0.90(1073) = 966 ft-kips 
wy, = 1.2wp+1.6wz = 1.2(732) + 1.6(2250) = 4478 lb/ft 
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M, = 4a. 478)(40)? = 896 ft-kips < 966 ft-kips (OK) 
Shear: ,V, = 256 kips 
ae gl ‘2 22D = 89.6 kips < 256 kips (OK) 


Beam is satisfactory 


(b) Before the concrete cures: 


My _ Mp. iG 
From the Z, table, O° On 322 ft-kips 


Wa = Wp +wzy = 732 +180 = 912 lb/ft 
M, = wal? = + (0.912)(40)? = 182 ft-kips < 322 ft-kips (OK) 
After the concrete cures, 


Qs 1.67 
Wa = Wpo+wy = 73242250 = 2982 lb/ft 


Mn . 1073. — 643 fi-kips 


Ma = te. 982)(40)? = 596 ft-kips < 643 ft-kips (OK) 


Shear: = = 171 kips 
y, = Wal _ 2.982(40) 
z 2 2 


= 59, 6kips< 171 kips (OK) 
Beam is satisfactory 
(c) Ase = 2Gfy’ =0.4418in2, E, = wi ff" = (145)'5/4 = 3492 ksi 
On = 0.5Asclf-Ec S ReRpAscFu 


= 0,5(0.4418) /4(3492) = 26. 11 kips 
ReRpAscF'y = 1.0(0.6)(0.4418)(65) 


= 17.23 kips < 26,11 kips “. use Q, = 17.23 kips 
Se a ee IS 
N O, 17-23 48.5, round up to 49. 
total number = 2(49) = 98 Use 98 studs 


9.4-3 


A;Fy = 11.8(50) = 590.0 kips, 0. 85/4 = 0.85(4)(4 x 81) = 1102 kips 
Use C = V ‘= 590 kips. 
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2 
Ae aCe =0.4418in2,  E,= wid Jf” = (145)!5/4 = 3492 ksi 


On 0.5A scl foEe S RgRyAscFu 


= 0.5(0.4418) 43492) = 26. 11 kips 
RyRpAscFy = 1.0(0.6)(0.4418)(65) 


H 


= 17.23 kips<26.11kips —”. use Q, = 17.23 kips 
ors Sn a 34.2, round up to 35. 


total number = 2(35) = 70 Use 70 studs 


9.6-1 


(a) Before concrete cures: 
Slab: +5 (150)(7.5) = 375.0 lb/ft 
Wp = 375 +22 = 397 lb/ft,  Weone = 20(7.5) = 150.0 lb/ft, J, = 199 in.4 
Ap = SwpLt . 5(0.397/12)30x12)* _ 4 954 in, 


3845], 384(29, 000)(199) 
_ SWeong* _ 5(0.150/12)(30 x 12)4 _ 
Aconst = 3ganT, ~ — 384(29,000)(199) D137 Ma: 
A = Ap + Aconst = 1.254 + 0.4737 = 1.728 in. A= 1.73 in. 


(b) After concrete has cured: 


Transformed moment of inertia: 


; ; E 0 
E, = wi ff = (145)'!5 V4 = 3492ksi, on = Ee = eee = 8.3 use8 
b . 90 . 
n= = Ls 25-in 


Fora W14 x 22, A; = 6.49 in.2, d= 13.7 in, L, = 199 in4 


Component A y Ay T d I+ Ad? 
Slab 4,500E+01 2.000E+00 9.000E+01 6,000E+01 1.115E+00 1.159E+02 
Ww 6.490E+00 1.085E+01 7.042E+01 1.990E+02 7.735E+00 5.873E+02 
Sum 5.149E+01 1.604E+02 7.032E+02 


pe ay = 160.4 -3.115in, fy = 703.2in.! 


Use leg = 0.752 = 0.75(703.2) = 527.4 in.* 
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wry = 60(7.5) = 450.0 lb/ft 


Wparr = 10(7.5) = 75.0 lb/ft 


Weet = 5(7.5) = 37. 5 lb/ft 
S(wz + W part + Weeit)L* 


A= Ap of At + Apart + Aceit ad Ap + 384 leg 


384(29, 000)(527.4) 
= 1.254 + 0.6703 = 1,924 in. A = 1,92 in. 


“Pam neee eco rT EASA err CEC EES ree PPPOE OPT TTE PE EPANETEN Ahh a tn EFT 


(a) From Problem 9.3-1, a W12 x 16 is used, with ¢ = 4 in., s = 7 ft, L = 25 ft, Goons = 20 
psf, parr = 15 psf, gz = 125 psf, A992 steel and 4 ksi concrete. 


Before concrete cures: 
Slab: 5 (150)(7) = 350 lb/ft 


Wo = 350+ 16 = 366 lb/ft, = Weonsy = 20(7) = 140 lb/ft, J, = 103 in.4 


4 
Reet SwoL* _ 5(0.366/12)(25 x 12) = 1.077 in. 


oO” 384ET, 384(29, 000)(103) 


4 4 
SWeonseh* _ 5(0.140/12)(25 x 12)" _ 4 aii 9 in 


Aconst = “3R4E 7, ™ — 384(29,000)(103) 
A Ap + Acone = 1.0774 0.4119 = 1,489 in. A = 1.49 in. 


After concrete has cured: 
Wparr = 15(7) = 105 lb/ft, wz = 125(7) = 875 ib/ft 
Transformed moment of inertia: 
c= whi Tf” = (145)! /4 = 3492ksi, on = St = 2 = 83 use 8 
Effective flange width = (25 x 12)/4 = 75 in. or 7(12) = 84 in., use b = 75 in. 
Oc DM : 
n= “eo. cad 9. 375 in. 


Fora W12 x 16, A, = 4.71 in.2, d= 12.0 in, J, = 103 in.4 


Component A y Ay fi d I+ Ad? 
Slab 3.750E+01 2.000E+00 7,500E+01 5.000E+01 8.930E-01 7.990E+01 
WwW 4.710E+00 1.000E+01 4.710E+01 1.030E+02 7.107E+00 3.409E+02 
Sum 4.221E+01 1.221E+02 4,208E+02 


p= LAY _ 122.1 2. 993; in., Ip = 420.8 in! 


Use leg = 0.75Iy = 0.75(420.8) = 315. 6 in.! 


— SWanl’ — 5(0.105/12)(25 x 12)4 _ 
Avan = 3RaeT ~ ~384(29,000)G15.6) 2 L008 
5(0.875/12)(25 x 12)4 


_ Swit _ 5(0.875/12)(25 x12)" 
AL = 3RakT, ~ ~384(29,000)(315.6) 8403 ™ 


A = Ap +Apan + Az = 1.077 + 0.1008 + 0.8403 = 2. 018 in. A = 2,02 in. 
7 eee ee ah aoe 
(b) Maximum permissible A; = 360 = 360 0.8333 in. < 0.8403 in.  (N.G.) 


Use LRFD and select another shape, 


og, _Swyb4 _ 5(0,875/12)(25 x 12)* _ aa 
Required ley = sy @A—. ~ ~384(29,000)(0.8333) 7 


Required I, = Izg/0.75 = 318.2/0.75 = 424, 3 in.‘ 
Try a W12 x 19. 
Loads applied before the concrete cures: 


slab weight = (+5) 50) =50psf,  50(7) = 350 lb/ft 


Wp = 350+ 19 = 369 lb/ft, = Weonss = 20(7) = 140 lb/ft 
Loads applied after the concrete cures: 

Wp = 369 lb/ft, wz = (125+ 15)(7) = 980 lb/ft 
Check strength before the concrete cures: 

From the Z, table, @,M, = ¢,Mp = 92.6 ft-kips 

Wy = 1.2wp + 1.6wz = 1.2(369) + 1.6(140) = 666. 8 lb/ft 


M, = +w,L? = + (0, 6668)(25)? = 52.1 ft-kips <92.6 ft-kips (OK) 


8 


After the concrete cures: Compute the strength of the composite section. 


AsFy = 5.57(50) = 278. 5kips, 0.85/44, = 0.85(4)(4 x 75) = 1020 kips 


Use C = 278.5 kips. 


si eet se OIRO oi ao ge 
a= 0.85fb ~ 0.85(4)(75) is 
y= Br = 122 44-4092 29 554 in, 


M, = Cy = 278.5(9.554) = 2661 in.-kips = 221.8 ft-kips 
$,M, = 0.90(221.8) = 200 ft-kips 
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Wy = l.2wp + 1.6wz = 1.2(369) + 1.6(980) = 2011 lb/ft 
M, = $2.01 1)(25)? = 157 ft-kips < 200 ft-kips (OK) 


Shear:  $)V, = 85.7 kips 
yy = Meh LOUD) 95.1 kips< 85.7 kips (OK) 


Compute deflections. Transformed moment of inertia: 
Component A y Ay 7 - d T+Ad? 
Slab 3.750E+01 2.000E+00 7.500E+0! 5.000E+01 1.049E+00 9.127E+01 
W 5.570E+00 1.010E+01 5.626E+01 1.300E+02 7.051E+00 4.069E+02 


Sum 4.307E+01 1.313E+02 4.982E+02 


p= LAY _ 1313 — 3,049 in, 


Tp = 498.2 in.* > 424.3 in.* required (OK) 


Teg = 0.751 = 0.75(498.2) = 373. 7 in.* 


4 4 
Ap = 2WDL* . 5(0.369/12)(25 x 12)" _ 4 9603 in 


~ 3847, 384(29, 000)(130) 


4 4 
A, Swpank* _ 5(0.105/12)(25 « 12)4 _ 9 08516 in 


a 384Elyy _384(29,000)(373.7) 


__SwyL4 _ 5(0.875/12)(25 x 12)4 _ 
At = 34e77 ~ ~384(29,000)(373.7) 7 095 


A = Ap + Agan + At = 0.8603 + 0.08516 + 0.7096 = 1. 66 in. 
Use a W12 x 19 


9.6-5 

(a) From Problem 9.4-2, a W14 x 22 is used, with ¢ = 4 in., s = 8 ft, L = 27 ft, qcons: = 20 
psf, dpa = 20 psf, gz = 120 psf, A992 steel and 4 ksi concrete. 

Before concrete cures: 


Slab: $5 (150)(8) = 400 lb/ft 


wp = 400+ 22 = 422 Ib/ft, = Weonsr = 20(8) = 160 lb/ft, 7, = 199 in.4 


_ SwpL* _ 5(0,.422/12)(27 x 12)* _ 
Ap 384 ET, 384(29, 000)(199) 0.8744 in. 


4 4 
Aeon = SMeonsk* _ 5(0.160/12)(27 x 12)* _ 9 3315 in, 


384E/;, 384(29, 000)(199) 
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A = Ap+Aconst = 0.8744 + 0.3315 = 1. 206 in. A = 1.21 in, 


After concrete has cured: 
Wrart = 20(8) = 160 lb/ft, wy, = 120(8) = 960 Ib/ft 

Transformed moment of inertia: 
E.=wiiff. = (145)'5/4 = 3492 ksi, n= =i = = = 8.3 use 8 
Effective flange width = (27 x 12)/4 = 81 in. or 8(12) = 96 in., use b = 81 in. 
b _ 81 _ : 
no ee 10. 13 in, 


For a W14 x 22, 4; = 6.49 in2, d= 13.7in, J, = 199 in#* 


Component A y Ay if. d 1LtAd 
Slab 4.050E+01 2.000E+00 8.100E+01 5.400E+01 1.222E+00 1.145E+02 
W 6.490E+00 1.085E+01 7.042E+01 1.990E+02 7.628E+00 5.766E+02 


Sum 4.699E+01 1.514E+02 6.911E+02 
« AY 151.4 _ ’ 7 a 
y= > 3) ae 46.99 =03;,.222 in., Ty, = 691.1 in. 


Use leg = 0.75Iy = 0.75(691.1) = 518.3 in.’ 
SWpark* _ 5(0.160/12)(27 x 12)¢ 
384ELy 384(29,000)(518. 3) 


_ _SwrL4 _ 5(0.960/12)(27 x 12)4 _ 
AL = 3R4eT, ~ ~384(09,000)518.3) 037 


A = Apt Agar + Ay = 0.8744 + 0.1273 + 0.7637 = 1. 765 in. A = 1,77 in. 


A part = = 0.1273 in. 


(b) Maximum permissible Ay = _ = 2212 — 0.9000 in. > 0.7637 in. (OK) 


No redesign necessary 


9.7-1 


(a) Transformed moment of inertia: 


ere ae iq a - Zs _ 29,000 _ 
E, = wih ff" = (145)'5 4 = 3492 ksi, n= ee = 3493 = 8.31 use8 
Effective flange width = (30 x 12)/4 = 90 in. or 6(12) = 72 in. (controls). 


For area and moment of inertia computations for the slab, use a depth of 4.5-2 = 2.5 in. 


For a W18 x 35, A; = 10.3 in2, d= 17.7 in, L, = 510 in.* 
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Component A y Ay i d 1+Ad- 
Slab 2.250E+01 1.250E+00 2.813E+01 1.172E+01 3.799E+00 3.364E+02 
WwW 1.030E+01 1.335E+01 1.375E+02 5.100E+02 8.301E+00 1.220E+03 
Sum 3,280E+01 1.656E+02 1.556E+03 


Use lag = 0.752 = 0.75(1556) = 1167 in.? 


_ SwzL4 _ 5(1.0/12)(30.x 12)4 _ | eee 
AL = 384k7, ~ 384(29,000)(1167) ~ 2°29 Ar = 0.539 in. 


(b) A,F, = 10.3(50) = 515.0 kips, 0.85 f,"br = 0.85(4)(72)(4.5 — 2) = 612.0 kips 
Use C = 515 kips. 
0.85f,'ab = AsFy 
0.85(4)a(72) = 515, Solution is: {a = 2. 104} in. 
y= Gar~G = AbD 445-2104 _ 19 30 in 
Mn, = Ty = 515(12.30) = 6335 in.-kips = 528 ft-kips 
My, = 528 ft-kips 


Shear connectors: 


Maximum diameter = 2. 5t¢ = 2.5(0.420) = 1.05 in. > 3/4 in. (OK) 
Maximum diameter = 3/4 in. with formed steel deck. (OR) 
ee ai)" =0.4418in2, FE, = wi Jf = (145)'5 4 = 3492 ksi 
OP 05An FE. SRR A 

= 0.5(0.4418) ,/4(3492) = 26. 11 kips 
RgRpA shy = 1.0(0.6)(0.4418)(65) 


= 17.23 kips < 26.11 kips .. use QO, = 17.23 kips 
N; =total no. of studs +2 = EU oe eal) 15 
>On = On x Ny = 17.23(15) = 258.5 kips 


AsFy = 7.69(50) = 384. 5 kips 
0.85 fe’bt = 0.85(4)(66)(4.5 - 1.5) = 673. 2 kips 
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Since 5” Q,, is the smallest of the three possibilities, C = 258.5 kips, there is partial 
composite action, and the PNA is in the steel section. If the PNA were at the bottom of the 


compression flange, 
Py = by ty Fy = 5.03(0.420)(50) = 105. 6 kips 
The net force to be transferred between steel and concrete would be 
T-C, = T- Py = (AsFy — Py) — Py = AsFy — 2Py 
= 384.5 —2(105.6) = 173.3 kips < 258.5 kips 
.. PNA is within the steel flange. 
Vi = T—C, = (AsFy — bet'Fy) - by t'Fy = AsFy — 2by Fy 
or 258.5 = 384.5 — 2[5.03¢'(50)], Solution is: {¢’ = 0.2505} 
C, = byt'F, = 5.03(0.2505)(50) = 63.0 kips 


Compute , the distance from the top of the steel to the centroid of the area below the PNA. 


Component A y Ay 
W16 x 26 7.69 6.950 53.45 
Flange segment -1.260 0.1253 -0.1578 


Sum 6.430 5o.29 
oa SaAY _ 53.29 _ 9 60; 
y= A = 6.430 = 8. 288 in. 
Location of concrete compressive force: 
P Sa 258.5 te iy. 


~ 0.8575  0.85(4)(66) 
Moment arm for concrete compressive force is 


p+t-4= 8,288 + 4.5 ~ 122 = 12.21 in. 


Moment arm for compressive force in the steel is 
7 ts = 8,288 - 2.2505. — 8, 163 in, 
M, = >) Mr = C(12.21) + C,(8. 163) 


= 258. 5(12.21) + 63.0(8. 163) = 3671 in.-kips = 305.9 fi-kips 
M, = 306 fi-kips 


ete sneer terns CETTE reenter ant ernAAAANLLE REP tN 
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9.8-1 


From the solution to problem 9.7-3, for %-in. studs and f,’ = 4 ksi, O, = 17.23 kips 


30x12 _ 
Rey 
>On = NiQn = 15(17.23) = 258. 5 kips 


A;Fy = 7.69(50) = 384. 5 kips 

0.85 f."bt = 0.85(4)(66)(4.5 ~ 1.5) = 673. 2 kips 
The smallest of these three controls; .. C = 258.5 kips (this is denoted as a Q,, in the 
tables) 


ee ee). ; 
OSE Ose 


afo8 of 62412 
Y2=t 5 4.5 5 3. 924 in. 


a 


Since we are seeking a nominal strength, we can use either the LRFD value or the ASD value 
from the table. We will use the LRFD value. 


Interpolate for 6M,. First, interpolate vertically (create an intermediate row), then 


| x0, aes 3.924E+00] 4.000E+00 
2 


0 : 
3.850E+02|3.020E+02| | 3.1608 +02. 
(3.320E+02|2.870E+02| | 3.000 +02 
_ Mn 


22 POU a Ll 
M, = a eee 306. 7 ft-kips 


horizontally. 


$M, = 307 ft-kips 


9.10-1 


The following dimensions and properties from Part 1 of the Manual will be needed: 
As = 10.4 in.’, design wall thickness = 0.349 in., and J, = 80.4 in.’ 


E, = w'5 ff = (145)'S /4 = 3492 ksi 


The area of concrete A, can be estimated as bd -— As, or more accurately as follows: 
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Detail 


The corner radius is given in Part 1 of the Manual as 2t. The area of an quarter-circle 
spandrel with a radius r is 


ye dar = (21)? - daar? = 2(4—m) = (0.349)2(4—m) = 0.1046 in? 


and since there are four of these segments to be deducted, 
A, = bd—- As — 4(0.1046) = 7(9) — 10.4 ~ 4(0. 1046) = 52. 18 in? 


For computing the moment of inertia of the concrete, the moment of inertia of the spandre] 
about an axis parallel to the 9-inch side through the point of tangency is 


1a (4- fe) = (4p) 00" = (f=) 
= (4S - 1) (0.349)* = 3. 252 x 10° int 


The distance to the centroid of the spandrel from this axis is 


es yy mn 2(2 x 0.349) _ ; 
& 59). 34-1) 0.542 1 in. 


From the parallel axis theorem, the moment of inertia of the spandrel about a centroidal axis 
parallel to the 9-inch side is 


J = J— AX? = 0.03252 — 0.1046(0.5421)? = 1.781 x 10° 


Use the parallel-axis theorem and the following table to obtain the moment of inertia of the 
concrete: 
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Segment A Ibar d Ibar +Ad2 
Outer rectangle 6.300E+01 2.673E+02 0.000E+00 2.573E+02 


Steel shape -1.040E+01 -8.040E+01 O.000E+00 -8.040E+01 
spandrei ~1.046E-01 ~1.781E-03 3.344E+00 -1.171E+00 
spandrel -4.046E-01 -1.781E-03 3.344E+00 -1.171E+00 
spandrel -1.046E-01 -1.781E-03 3.344E+00 -1.171E+00 
spandre| ~{.046E-01 -1.781E-03 3.344E+00 -1.171E+00 
Sum 1.722E+02 

I, = 172.2 in.* 


Note that a slightly unconservative approximate solution can be obtained by using . 


_ hee, . 9 soe 4 4 
1 13 I, = 12 80.4 = 177 in. 


From AISC Equation [2-13, 
Po = AsFy + AsrFyp + CoAcfe = 10.4(46) + 0 + 0.85(52. 18)(4) = 655. 8 kips 
From AISC Equation 12-15, 


me As )s 
C3 0.6 +2( An = 0.9 


- 0.6+2(q—10.4 | = 0.9324 > 0.9 -. use C3 = 0.9 
From AISC Equation I2-14, 
(EDeg = Eel, + Eglee + CaE cle 
= 29,000(80. 4) + 0 + 0.9(3492)(172.2) = 2. 873 x 106 kip-in.? 
From AISC Equation [2-5, 


_ B(EDer _ 72(2.873 x 108) _ . 


Then 
0.44P, = 0.44(655.8) = 288. 6 kips 
P, = 1165 kips > 288.6 kips .. use AISC Equation [2-2: 


($+) ($55.8 ) 
Py = Po| 0.658\ Pe J | = 655.8] 0.658. 1165 / | = 518. 1 kips 


Pn = 518 kips 
From the tables, with KZ = 0.65 x 20 = 13.0 ft, @cPn = 388 kips. 
Py = OcPn/b = 388/0.75 = 517 kips 


CHAPTER 10 - PLATE GIRDERS 


10.4-1 


Check web width-thickness ratio: 


29,000 


oo 903-53 


jeh=A = 120, 2,=3.76 [2 =3.76 
y 


o a 29000 _ 
Ar = 5.70 E 5.70 50 ie ee: 


¥ 
Since Ap < A <A,, web is noncompact. AISC Section F4 applies, but Section F5 may be 
used. Compute the section modulus: 


ae Sey DEN? 2 oil 34 ee ada ae sf 
Ie = ytwh +2A/( : } 1 (3/8)(45)? + 2010) ( tL)" = 13,430 in. 


I, _ 13,430 
(hi2+i) (45/7241) 


From AISC Equation F5-10, the tension flange strength based on yielding is 
M, = FySy = 50(571.5) = 2. 858 x 10* in.-kips = 2382 ft-kips 


a = §71.5in3 


CN a 


The compression flange strength is given by AISC Equation F5-7: 
M, iio! RogF erS xc 


where the critical stress F’, is based on either flange local buckling or yielding. For flange 
local buckling, the relevant slenderness parameters are 


b 10 |_E [29000 
= = = = 0. = VY, nepal — aie 
A 2 BO 35 Ap 38 F, 0.38 50) Avho2 


Since 2 < Ap, there is no flange local buckling. The compression flange strength is therefore 
based on yielding, and F’,, = Fy = 50 ksi. 


To compute the bending strength reduction factor Rpg, the value of a, will be needed: 


bye pag) = See 


From AISC Equation F5-6, 


Roe = 1 ~ eee Beri §: 


71.688 __ (499 _ 5,7 f2a008 : 
| ~ +3005 300(T.688) (120 oA 50 meet 


Since 1,017 > 1.0, use Rpg = 1.0 
Mn = RogFerSsc = 1.0(50)(571.5) = 2. 858 x 10° in.-kips = 2382 ft-kips 


[10-1] 


Because the girder has continuous lateral support, lateral-torsional buckling does not have to 
be checked 


M, = 2380 ft-kips 


10.4-3 


Check web width-thickness ratio: 


de hu 60. - Ms 29,000) _ 

A= ft = SF = 160, Ap = 3.76 | = 3.76/42 = 90.55 
= Ew 29000 _ 

a, = 5.70 | 5.70 | 22000 — 137, 3 


Since A > A,, web is slender and AISC Section F5 applies. Compute the section modulus: 


- 2 
t= spat? «nap Ht)* = dyoyooy «2(Z 12) (428) 


= 2,621 x 104 in.* 


ee Se 2 3 
ee Ge) GM). 


From AISC Equation F5-10, the tension flange strength based on yielding is 
M, = FySy = 50(848.9) = 4.245 x 104 in.-kips = 3538 ft-kips 

The compression flange strength is given by AISC Equation F5-7: 
My = RogF orSxe 


where the critical stress F,, is based on either flange local buckling or yielding. For flange 
local buckling, the relevant slenderness parameters are 


br . 12. _ EL 29000, 
Ob aUlay 75857. Ip 0.38 |-# 0.38 |- 4200 — 9. 152 


Since A < Ap, there is no flange local buckling. The compression flange strength is therefore 
based on yielding, and F,, = Fy = 50 ksi. 


To compute the bending strength reduction factor Rpg, the value of ay will be needed: 


_ ety _ 60(3/8) _ 
Mee DOR CO 


From AISC Equation F5-6, 


a aw 
aed raow ear (# - Te E ) <1. 


ee ee ae: ee _ 55000 ) m 
'~ {300+ 30003. 143) (1605.7, 22000) = 0.9736 


Mn = RogF rSxc = 0.9736(50)(848.9) = 4. 132 x 10° in.-kips = 3443 ft-kips 


[10-2] 


Check lateral-torsional buckling. 


3/8" oe 


(not to scale) 


s $0. =10in, J= T= = 10/8) + +b —_(7/8)(12)3 = 126.0 in. 


= 10(3/8) + 12(7/8) = 14.25in2, ry = {= - (ae = 2.974 in, 


iy S402 = 908 
Ll; iE = 1.1(2.974) 2200 = 78.79 in. = 6.566 ft 
Jy 


ti 


Lp 


L, = 0; | 5 Ta = (2.974) 
: J 


Since Lp < Ly < L,, the girder is subject to inelastic lateral-torsional buckling. From AISC 
Equation F5-3, 


= 268. 9 in. = 22.40 ft 


Fy = Col Fy - 0.3, (F272 ) | <F, 
r—Lp 


= 1,30[ 50-(0.3 x $0)( 206.966. ) | = 48. 46 ksi < 50 ksi 


where Cy = 1.30 is from Figure 5.15 in the textbook. LTB has the lowest critical stress and 
controls. 


Mn = RogForSxe = 0.9736(48.46)(848.9) = 4. 005 x 104 in.-kips = 3338 ft-kips 
M, = 3340 ft-kips 


[10-3] 


10.4-5 


Check web width-thickness ratio: 


= hw 1B x “s he 29,000 _ 
A= = Fy = 156, Ap = 3.76 [ae = 3.76 | 2 ai 90. 55 


3 fel [29000 .. 
Ar = 5.70 F, 5.70 50 [3 7e3 


Since A > A,, web is slender, and AISC Section F5 applies. Compute the section modulus: 
esr Aste)! fail 3 7842.5)’ 
I, = ~tyh +24,/( 5 = 4.(1/2\(78) +2(2.5 x 22)( - ) 


= 1.980 x 10° in.’ 


ie ya i) (842.5) 
From AISC Equation F5-10, the tension flange strength based on yielding is 
M, = FySw = 50(4771) = 2.386 x 10° in.-kips = 19, 880 ft-kips 
The compression flange strength is given by AISC Equation F5~7: 
My = RogF erSxe 


where the critical stress F’,, is based on either flange local buckling or yielding. For flange 
local buckling, the relevant slenderness parameters are 


iC aa 0.38 0.38 | “2 9, 152 


Since A < Ap, there is no flange local buckling. The compression flange strength is therefore 
based on yielding, and F,, = Fy = 50 ksi. 


To compute the bending strength reduction factor Rpg, the value of ay will be needed: 


Aety _ 78(1/2) 
byte  22(2.5) 


From AISC Equation F5-6, 


= ay < 
fie see wey | f - eu ea E ) i 


a 0.7091 ( [29000 } a 
ae 1200 + 300(0. 7091) oe eT eae 


Mn = RogF erSxc = 0.9906(50)(4771) = 2. 363 x 10° in.-kips = 19,690 ft-kips 


= 0.7091 < 10 


ay = 


Because the girder has continuous lateral support, lateral-torsional buckling does not have to 
be checked. Compression flange buckling controls, and M,, = 19,690 ft-kips. 


(a) LRFD solution 
$M, = 0.90(19690) = 17,700 ft-kips 
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= 1.2wp +1.6w, = 1.2(1.0) + 1.6(2) = 4.4 kips/ft 
P, = 1.6P, = 1.6(475) = 760.0 kips 


a re” ees 2 , 760(80) 
M, = g Wal ar = g (4.4)(80) sar a 


= 18,700 ft-kips > 17,700 ft-kips (N.G.) Flexural strength is not adequate 


(b) ASD solution 


Mn . 19690 _ : 
Oe > e7 11,800 ft-kips 


Wa = Wo+wy = 1.04+2.0 = 3 kips/ft 
P, = P, = 475 kips 


Mg = Lwol? + 2% = 1(3)(80)? + 


475(80) 
8 4 ar oe 


= 11,900 ft-kips > 11,800 ft-kips (N.G.) Flexural strength is not adequate 


10.5-1 
O20 10! ce LU 
(a) 4 M2140, = Pai <3 
2 
260 260 \* _ a 
( 262.) (49 a 
ky =5+—= 


een 5 
(a/h)? = (1.0)? 


1.10 |e = io / 1029000), RAFF 
Fy 
1.37 eh 37, 222000). ~ 104.3 


Since > 104.3,  C, = L-51Bhe,  LSN@70000) _ 9 4468 
by (hit)? Fy (140)*(50) 


Tension field action cannot be used in an end panel: 


V_ = 0.6F,AyCy = 0.6(50)(0.5 x 70)(0.4468) = 469. 1 kips 


2 
(b) 2 = 2 q 2,857 < ( 262} and <3 
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V, = 469 kips 


1.10 Eo 2570: * OLS) = 62.16 
y 


Since fe > 62.76, tension field action can be used, and 
w 


1-C 
V _ 0. 6F Ay Gy + ere . 
: [ 1.15,/1 + (a/hy? 


Compute C). 1.37 [Be 2437 [ 3:61329000) = 78.17 


Jy 
L.S1Eky _ 7 
(140)?(50) 


Since Jes 78.11, Giese 
ee Sy (ity)? Fy 


Vy = 0.6(50)(0.5 x 70)| 0.2508 + ——+=.0.2508 | = 489. 3 kips 
1.15,/1 + (2.857)* 


> 3, and &, = 5 (no tension field permitted) 


V, = 489 kips 


(c) Ifno intermediate stiffeners are used, 7 


RE 5(29, 000) _ 
1.10 | ieee 1.10, J ae 59, 24 


Since L > 59.24, V, = 0.6FyAyCy. Compute C). 
w 
KE _ 5(29,000) _ 
1.37 | Ae = 1.37] “as = 73.78 


L51Bky _ 1.51(29000)5) _ 9 934 


Since #- > 73.78, C,= ste 5 
tw (hity)°Fy (140)*(50) 


Vn = 0.6FyAwCy = 0,6(50)(0.5 x 70)(0.2234) = 234. 6 kips 
n = 235 kips 


10.5-3 
Before developing the LRFD and ASD solutions, compute the nominal shear strength of each 
panel. 
Hh gs 2008 
po ae 211.2 
End panel: = 6(12)+2 = 74 in., ; = ae Shims 
2 2 
260 \ _ (260 aus a 
Ca (si) = 1516 > 
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| EO ee RNR We eee” Beene 
(a/hy? (1.121)? 


KE _ 8.979(29000) _ 

1.10 | Ee 1.10, a5 79.38 
bE _ 8.979(29000) _ 

1.37 Ae = 1.37 5 = 98.87 


Since aie. > 98.87, Gy = el Ee = ECU eee = 0.1763 
ty (hity)*Fy (211.2)?(50) 


Tension field action cannot be used in an end panel: 
V, = 0.6FyAyCy = 0.6(50)(5/16 x 66)(0. 1763) = 109. 1 kips 
Second panel: 


a= 12(12)+9-74 = 79 in. 


a2. 260 
hy 66 1.197 < ( 352.) and < 3 
ky = 54+ —— = 54+ —2—— = 8,490 


(ah? > (1.19792 


bE _ 8.490(29000) _ 
1.10) = 1.10J——— ee = 77,19 


Since A > 77.19, tension field action can be used, and 
Ww 


(yetehds CaS Se 
1.15,/1 + (a/h)? 


Compute Cy. 1.37 | 422 = 1,37 | S400022000) _ 96 14 
1% 50 


Since > 96.14, Cy = Sl Eke. . 1.51(29000)(8.490) _ 9 1667 


ty Coe ~ (hity)°Fy (211.2)?(50) 


= 0,6(50)(5/16 x solo 1667 + te = 390. 6 kips 


1.15,/1+(.197) 


Middle panel: 
a = 55(12) —2(12 x 12 + 9) = 354 in, 


aes ax 4 = 5,364 >3 .. k, = 5 and tension-field action cannot be used. 


h 
1. of - Brig peel) 323900) = 59,24 
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1.37 [EE = 1.37] ae = 73.78 
y 


Compute Cy. 
L 51k _ 1.51(29000)(5) _ 9 917% 10 


Since JL > 73.78, Cy = 2S : 
v (hity)*F,  (211.2)2(50) 


V, = 0.6FyAwCy = 0.6(50)(5/16 x 66)(0.09817) = 60. 74 kips 

(a) LRFD solution 

End panel: Design strength = ¢,/%, = 0.90(109.1) = 98.2 kips 
wy = L.2wp + 1.6w, = 1.2(0.225) + 1.6(2.0) = 3. 470 kips/ft 
Left reaction = Vz = of 28 25) = 95743 kips < 98.2 kips (OK) 


Second panel: Design strength = ¢,V,, = 0.90(390.6) = 352 kips 
V,, at beginning of panel = Vz — wyx = 95.43 ~ 3.470(6. 167) 
= 74.0 kips <352 kips (OK) 
Middle panel: Design strength = 6,V, = 0.90(60.74) = 54.7 kips 
V,, at beginning of panel = Vz; —- wyx = 95.43 — 3.470(12.75) 
= 51.2 kips<54.7kips (OK) 
Girder has enough shear strength 


(b) ASD solution 


End panel: Allowable strength = a = 102.) = 65.3 kips 

Wa = Wptwy = 0.225 +2.0 = 2. 225 kips/ft 

Left reaction = Vi, = 2.228159) = 61.19 kips < 65.3 kips (OK) 
Second panel: Allowable strength = a = 320.6 .. 234 kips 


V, at beginning of panel = Vz — wax = 61.19 —2.225(6. 167) 
= 47,5 kips < 234 kips (OK) 


Middle panel: Allowable strength = 72 = S024 — 36.4 kips 


V, at beginning of panel = Vz — wax = 61.19 — 2.225(12.75) 
= 32.8 kips<36.4kips (OK) 


Girder has enough shear strength 


10.6-1 


Bearing strength: Ap, = (6—0.5)(1/2)x 2 = 5.5 in? 
Ry = 1.8FyAps = 1.8(36)(5.5) = 356. 4 kips 
Compressive strength: Use a length of web equal to 
25ty = 25(5/16) = 7. 813 in. 
Compute the radius of gyration about an axis along the middle of the web: 


= 4 (7.813)(5/16)3 + 2[ h-(1/2)(6)} + 6(1/2)(3 + 5/32)? | = 77. 79 in.t 


A = 7.813(5/16) + 2(6)(1/2) = 8. 442 in.? 


man fy Geen aft i): ae : 
r= ff Pore 3, 036 in. 


The slenderness ratio is 5 a AA = At = 13,83 < 25 


oP, = FyAg = 36(8.442) = 303.9 kips 

(a) LRFD solution 

Bearing strength = R, = 0.75(356.4) = 267 kips 

Compressive strength = ¢P, = 0.90(303.9) = 274 kips 

Bearing controls: Maximum factored concentrated load = 267 kips 


(b) ASD solution 


Bearing strength = ie = 330.4 . 178 kips 


: = Pag, 2039 = ‘ 
Compressive strength = O Ta 182 kips 


Bearing controls: Maximum service concentrated load = 178 kips 
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